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Not All Faith Is Good 


EVERY PROGRAM FOR THE REDESIGN of a product or 
machine must begin with the establishment of two 
assumptions. The first is the presumably disadvantage- 
ous features of the existing design; the second is the 
desired changes which presumably will improve the 
product or machine as a saleable article. Although these 
two preliminary suppositions overlap considerably, the 
first can be studied without regard to the second. The 
first is also the more important of the two because the 
improvement to strive for will to a large extent be deter- 
mined by the acknowledged possible deficiencies in the 
existing product. 

It is far easier to imagine and think about a new fea- 
ture than it is to admit the shortcomings of a design that 
was originally a thing of pride and joy. Reasons and 
excuses for having made the design as it is flash before 
the mind in an endless array and add to the natural fear 
of advancing along unknown paths. The urge to stand 
still becomes powerful. 

But even greater forces contribute to resist change, 
especially in those instances wherein the existing model 
has had numerous so-called “refinements” and “added 
features” attached to it during its all too long life. 
Perhaps at various times “hung-on” extras and “face- 
liftings” had been accompanied by increased orders. 
Little thought is given as to whether the increased sales 
were the result of the design changes, whether they came 
through super sales efforts or whether they are the 
natural accompaniment of an improved state of busi- 
ness in that field. In any event, the “refinements” were 
shouted so loudly that even the doubting Thomases 
within the organization became firm believers. 

The unshakeable faith of an organization in the per- 
manent superiority of a hallowed design has been the 
downfall of many an otherwise well-equipped company. 
An automobile hood so ugly that no other company dared 
Copy it would fittingly serve as the tombstone for at least 
one no defunct automobile manufacturer. Yet in the 
heyday of that company the monstrous looking hood was 


loudly proclaimed by the company as being the earmark 
of a design of scientific perfection. But the automobile 
buyers bought cars of other makes. 

It is such thinking that puts an exaggerated value on 
the things as they are. On the other hand, the thought 
of making a radical change in the design, using some new 
material, manufacturing process or devices, may often 
immediately suggest unsurmountable difficulties and un- 
definable misgivings. The power of ignorance lies in 
the knowledge of its existence. 

Practically all of the larger companies are well organ- 
ized to approach properly the problems in developing 
a new design. Special departments are set up to study 
markets, investigate customer reactions, make scien- 
tific researches and complete tests. But in the medium 
size and small companies the whole problem is often 
dumped into an understaffed engineering department. 
All too often the chief engineer must report to a non- 
technical executive whose primary purpose is immediate 
profits and who fails to appreciate any fundamental 
improvement if it means any expenditure for new shep 
equipment or an increased manufacturing cost of any 
kind. 

Thus it is that natural forces both within and outside 
the engineering department often align themselves to 
stand in the way of progress. But progress as a whole 
continues in spite of them. That’s why the “stand pat” 
companies soon find themselves in the rear. 

But what can the chief engineer of the super-conserv- 
ative self-satisfied company do about it? It may seem 
impossible to change the thinking of a mind that has 
become smugly self-satisfied with existing designs. But 
it is often possible to smash the spirit of self-satisfaction 
by showing the way to finer designs, more saleable prod- 
ucts, better looking designs. The quickest appeal is 
through the eye. Having sown the seeds of dissatisfac- 
tion, as soon as they sprout the chief engineer will be 
given snappy orders to produce his suggested designs. 

Most progress springs from dissatisfaction. 








STEEL STITCHING 


A New High-Speed Assembly Process 


LTHOUGH certain light metals 
have, for some time past, been 
fastened together with _ steel 


wire stitches, high production stitching 
of non-metallic material such as fabric 
insulation and rubber gasketing to steel, 
or in some cases steel to steel, is a com- 
paratively recent development made 
possible by cooperation between machine 
designers and wire manufacturers. 
Utilizing the basic principles of the 
ordinary wire-stitching machine that 
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binds paper sheets or periodicals, de- 
signers have incorporated alloy steels 
for the highly stressed parts, increased 
the force of the driving ram, improved 
the wire feed, cut-off and guiding mech- 
anisms and have produced a machine 
capable of driving steel wire through 
ts in. of steel at the rate of 285 stitches 
per minute. Special high-tensile steel 
wire for use in these machines has been 
developed after several years research by 
wire manufacturers. 
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Courtesy of Bostitch, Inc. 


In operation, wire is fed through 
gear-driven feed rolls to a gripper which 
holds it in position until the cut-off die 
severs it to a pre-determined length. 
After cutting, a mandrel carries the wire 
to the formers which bend it to an 
inverted U-shape; it is then driven down- 
ward by the ram towards the work. and 
is supported at top and sides by a wedge. 
shaped shoe. As the wire pierces the 
work the shoe moves backward and is 
fully retracted by the time the staple is 
formed against the clincher. 

Ram force is obtained through a link- 
age connected to the flywheel through a 
treadle-controlied clutch. Flywheel is 
driven by 14 or 1% hp. electric motor at 
a speed of 280 to 300 r.p.m., depending 
on the make of machine used. On most 
metal-stitching jobs, the legs of the staple 
are clinched in a slight curve with the 
ends pressed tightly against the material; 
a flatter clinch is available for applica- 
tions in which the staple must be 
clinched closer against the work. The 
machines are designed for continuous 
or non-repeat operation through a simple 
clutch-locking adjustment; the non 
repeat setting is useful in applications 
in which stitches must be located exactly 
with reference to each other or the edge 
of material. It also prevents careless 
operators from driving stitches on top 
of one another. 


Limitations in Thickness 


Since assembly by steel stitching is 
relatively new, limitations and _ possibili- 
ties in its use cannot be clearly defined 
at the present time. Steels vary in physi- 
cal characteristics, hence it is impossible 
to state as a general rule what total 
thickness of any given steel can be 
stitched unless actual tests are made on 
the material. Test procedure is recom- 
mended by the steel stitcher manufac- 
turers. Cold rolled steel sheets of 0.060 
to 0.070 in. thickness have been stitched 
successfully; soft metal has been 
stitched in thicknesses up to 0.116 in. 
As the action of the machine punches 
out a slug of the metal, the machine is 
most successful when stitching a non- 
metallic material to steel since the slug 
can wander in the soft material. When 
stitching heavy steel sheets together, it 
is recommended that a sandwich mate 
rial of paper, cork or rubber be placed 
between the sheets. 

It has been found that about No. 18 
wire is best suited to the majority of 
work. This wire can be had in various 
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Work-cycle of a typical steel stitching machine, showing positions of various wire-handling parts at various angular positions during 
cycle. Relative displacements of parts are shown on the vertical scale, horizontal scale indicates angular displacement of flywheel 


degrees of hardness or temper, such as 
No. 18 bookbinders wire, which is the 
softest, No. 18XX, No. 18XXX and No. 
18XXXX. It is impossible to give the 
exact thickness of metal a given temper 
of wire will pentrate. Roughly, bookbind- 
ers wire will penetrate a single thick- 
ness of 0.020 soft steel; XX wire, two 
thicknesses of 0.020 (= 0.040); XXX 
wire, two thicknesses of 0.040 (= 
0.080); XXXX wire, one thickness of 
0.060 plus 0.030 (= 0.090). If the metal 
is hard, there may be trouble in stitch- 
ing so great a thickness; on the other 
hand, if the metal is soft, thickness may 
be increased. 

Wire content varies to some extent 
with the manufacturer, but the steel 
contains percentages of carbon, manga- 
nese, sulphur, phosphorus and silicon, 
the percentages increasing from grades 
XX to XXX and XXXX. For grade 
XX tensile strength is 180,000—200,000 
lb. per sq.in., the elastic limit 90,000- 
120,000 Ib. per sq.in., elongation 1.5-3.5 
per cent in 10 in. For grade XXX, tensile 
strength is 240,000—260,000 Ib. per sq. 
in., elastic limit 120,000-154,000 Ib. per 


sq.in., and elongation in 10 in. 1.5-3.5 
per cent. 
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Partial list 
of steel stitching applications 


Tire bead fastening 

Automobile arm rest reinforcements 

Automobile flywheel dust pan assembly 

Fastening insulation and tacking strips 
in automobile interiors 

Cushion assembly 

Assembly of aluminum beading to mold- 
ings or other parts 

Tractor grill assembly 

Attaching weatherstripping 

Running-board assembly 

Automobile rear deck assembly 

Attaching handles to galvanized covers 

Attaching gaskets to refrigerator tops 

Attaching gaskets to washing machines 

Assembly of locomotive smoke stack liners 

Fastening aluminum, brass and light steel 
sheets for continuous processing 

Radio loudspeaker frames 

Assembling register flanges for furnaces 

Attaching insulation to heating units 

Airplane instrument board assembly 





When stitching a soft material like 
fiber or rubber to metal, especially if 
the soft material is relatively thick, there 
may be trouble in penetrating the metal 
due to lack of support for the wire in 
the soft material. For this purpose, the 
hard XXXX wire is recommended. It is 
best to use the softest wire that will 
penetrate the work; harder wire will 
put more wear on the machine. 

Stitches can be placed within %¢ in. 
of an upward rising flange; on a down- 
ward turned flange they can be placed 
as close to the edge as practicable. The 
ram has been so designed that stitching 
can be done within a 34 in. wide chan- 
nel. On a downward flange depth is im- 
material; on an upward rising flange 
machine construction limits maximum 
height of flange to 143 in., that is the 
gap between stitcher head and clincher 
plate is 148 in. plus the thickness of 
the stitch. 

The limitations as to how close a 
stitch can be driven to a flange are deter- 
mined by the space occupied by the sup- 
porting shoe. In cases where the work 
is vs in. or less, the shoe is not generally 
necessary and can be removed, making 
it possible to drive a stitch very close to 
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an uprising flange in front or back of 
the stitch. Submission of the problem to 
the machine manufacturers is recom- 
mended where unusual design conditions 
have to be met. Shape of the part is not 
a serious consideration, as the machines 
are designed with a variety of work-sup- 
porting arms; drop gooseneck, overhung, 


Mechanisms of two recently designed steel stitching machines. At 
the left, the Morrison stitcher, manufactured by the Harris- 
Seybold-Potter Company, which is available with an 8 or 20 in. 


of unusual shape. 
depths of 15, 25, 


U-post, straight post and bracket, which 
are illustrated on the following page. 

It is important to remember that this 
joining method is suited to all joining 
operations done with rivets, serews and 
glue. There are as yet no criteria estab- 
lished which will indicate comparative 
strength of similar joints made with steel 


throat in various shaped work-supporting arms for stitching work 
At the right, the Bostitch machine has throat 
or 35 in., also furnished with various arms 


stitches, rivets or screws. Variations in 
wire used, clinching pressure, and in 
materials make mathematical calcula- 
tion of the strength of  steel-stitched 
joints relatively impossible, but there is 
ample evidence that the stitch is at least 
as strong as the rivets ordinarily used. 

Steel stitching is at present being used 
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Typical automotive applications of steel stitching for attaching tacking strips to side 
walls, weatherstripping to garnish moldings, and anti-squeak insulation to fenders 


Steel stitching for cushion. The foamed 
latex pad is held in position on top of the 
formed steel base by a mohair covering 
stitched to the flange on the underside 
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Typical work-support heads available with stitching machines to 
permit stitching of various shaped work. These work heads of 


in a wide variety of applications such as 
fastening insulation and tacking strips 
to steel automobile interiors, fastening 
weatherstripping to windows and _ anti- 
squeak fabric to fenders. In this connec- 
tion, it should be remembered that auto- 
mobile body steel lends itself well to the 
stitching process since it is mild and 


annealed and permits easy penetration 
of the staple. 

When fastening a softer material to 
steel, it is good practice to drive the 
staple through the steel first and clinch 
in the softer material. If driven through 
the softer material first, lack of sidewise 
support causes the legs to wander and 


drop-gooseneck, overhung, U-post, straight post and bracket are 
available on both the Morrison and Bostitch machines 


a generally unsatisfactory clinch results. 

A total thickness of 34 in. can be 
stitched with machines now available; 
this of course refers to steel stitched to 
a softer material. Stitchers can also be 
adapted to clinch on a flat radius. Stain- 
less wire and phosphor-bronze wire in 
medium temper are available. 





Locomotive smoke stack liner rolled to shape and assembled with 
steel wire stitches 
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Blower completely assembled with steel stitches. All parts are 
formed sheet steel, flanged 


Photographs courtesy Bostitch, Inc 
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odern Designs 


New Missouri Pacific “Eagle” 


Latest of the streamlined deluxe 
trains, the new Missouri Pacific 
“Eagles” which will operate in 
day service between St. Louis and 
Omaha were designed and built 
by the American Car and Foundry 
Company and were styled by Ray- 
mond Loewy, Incorporated. The 
trains will be powered with stand- 
ard-model 2,000 hp. diesel-electrics 
of the Electro-Motive Corporation. 


Underframe, sides and roof of 
these cars are constructed principally of 
aluminum alloys, the center sills being 
of combined angles and plates with area 
of 34 sq. in. Bolsters are low-alloy high- 
tensile steel. 











Roller hearings are used on all axles. 
The 36 in. rolled steel wheels are bal- 
anced before mounting. Wheel treads are 
ground after mounting to assure con- 
centricity. Trucks with integral pedestals 
are cast af alloy steel. Rubber is used 
extensively for sound-deadening of truck 
noises. Car sides are of girder construc- 
tion and girders are aluminum; the bot- 
tom flange is a special extruded section 
which not only forms girder support but 
also prevents the entrance of road dust. 
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MODERN DESIGNS — Electric Cyele Control 


Rapip TRAVERSE rate of 250 in. per 
min. is provided by an individual 
reversing motor for approach and 
return strokes of the carriage in 
the Sundstrand No. 12 lathe. Ma- 
chine cycle is electrically con- 
trolled; no clutches or cams are 
used for machine movements. A 
standard motor drives the spindle 
and feed units. Provisions are made 
in the feed unit and headstock for 
subsequent addition of a third or 
overhead tool slide sometimes nec- 
essary for additional turning or 
facing cuts. 


Frame is of cast iron containing 35—40 
per cent steel. Base, pan, bed and head- 
stock are one-piece for rigidity and to 
permit accurate machining and _ align- 
ment of ways with spindle housing. Front 
carriage and rear slides are supported 
on hardened and ground steel ways. 
Rear carriage slide overhang is fitted on 
separate guideway cast integral with bed. 
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Lathe control is centered in switch 
panel mounted on headstock cover. Cycle 
control disk is mounted on shaft driven 
from feed and rapid traverse box. Con- 
trol of machine cycle is provided by dogs 
mounted on disk. Starting lever move- 
ment energizes coolant-pump motor and 
rapid-traverse motor after which dogs 
actuate a special Sundstrand switch to 
provide a cycle of rapid approach, feed, 
rapid return and stop. The edge of ihe 
control disk is graduated for ease in 
adjusting dogs to various cycle settings. 
Three dogs are standard equipment; for 
intricate cycles, three more can be used. 
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Electric cycle contro/ 


Cyele operation. At the end of rapid 
approach stroke, feed dog on disk throws 
a switch which stops the rapid-traverse 
motor and de-energizes the solenoid to 
brake the motor. At the same time power 
is supplied to the spindle motor rotating 
the spindle and starting carriage feed. 

At the completion of feed stroke, ihe 
rapid-return dog shuts off power to 
spindle motor and releases solenoid, 


ORE 
Nickel iron casting with 
spindle housing integral 


guard 





braking spindle and stopping carriage 
feed. Simultaneously, the rapid-traverse 
moter is reversed for carriage rapid- 
return. At the completion of the entire 
cycle, the stop dog returns the main con- 
trol switch to the first position, and stops 
the carriage-drive motor and the coolant- 
pump motor. After control dogs have 
been set, cycle can be checked by hand- 
cranking or by “inching” the machine. 
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Universal couplings are used on 
shafts which transmit power from feed 
and rapid traverse box to the front work 
unit driving front tool carriage and also 
driving rear carriage. 


Heat-treated alloy steel spindle 
is supported at the nose end on double- 
row, opposed, precision-roller bearings 
and at the opposite end on ball bearings. 
Brakes are solenoid-operated. Rapid 


traverse shaft is held against slippage by 
a key dropped into shaft keyway by a 
governor. This permits use of a smaller 
brake, since the brake does not have to 
provide positive holding of the shaft. 
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SPINDLE DRIVE DETAILS 
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Spindle-motor, adjustably mounted 
on a bracket at machine rear, drives 
through V-belts and pick-off gears to 
spiral bevel gear on spindle shaft. Feed 
gears are chain-driven from a sprocket 
mounted on end of spindle shaft. Rapid- 
traverse unit is driven by a reversing 
motor through V-belts. From feed and 
tapid-traverse box, in which is incor- 
Porated an adjustable safety clutch, 
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power is transmitted to worm and worm- 
wheel unit at front of machine through 
telescoping shaft and universal couplings. 

Front-tool carriage is  rack-driven 
through a pinion on worm wheel shaft 
extension. Rear carriage is powered by 
a telescoping splined shaft connected 
through a universal joint to the worm 
and worm wheel unit. Pick-off gears pro- 
vide feed changes for both front and 


rear slides. Automatic lubrication is 
furnished to all moving parts, front and 
rear carriages being equipped with sepa- 
rate force-feed lubricating units. Gears 
in headstock, feed box and power units 
are lubricated by a cascade system. 
Cross-slide adjustment is manually lubri- 
cated through an Alemite fitting. Cool- 
ant reservoir is fitted with drain screen. 
Pump can be separately controlled. 


foal ond 
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MODERN DESIGNS — Diesel-Eleetrie Switehers 





Yard-service locomotives of 660 
and 1,000 hp. have been designed by the 
Baldwin Locomotive Works for assembly- 
line production at their Eddystone plant, 
thus making possible the purchase of 


4 


Diesel engine has a welded steel frame 
which forms cylinder housing and the 
upper part of the crankcase. Welded 
steel bedplate has heavy transverse webs 
which support main bearings. Pistons are 
aluminum alloy; renewable cylinder 
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locomotives from stock. The four series- 
wound traction motors are powered by a 
separately-excited generator direct-con- 
nected to a De La Vergne diesel. Loco- 
motive control is electro-pneumatic. Mo- 


liners, of special-analysis annealed iron, 
are flanged at top and seated in the 
engine frame; rubber rings at the lower 
end seal the joint between liner and 
engine frame, permitting expansion and 
contraction of the liners as temperature 


tors are force-ventilated by two blowers 
V-belt driven from the engine. Starting 
is effected by motoring the generator 
which has a starting winding. Cab win- 
dows are fitted with safety glass. 





varies. Gear-type pump delivers oil to 4 
main supply header which services mail 
bearings. Drilled passages in the crank- 
shaft and connecting rods supply oil to 
crankpin and wristpin bearings. Cylit 
der liners are lubricated by oil spray- 
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Diesels Drive Propeller Through Electric Couplings 


DIRECT DRIVE without mechanical 
connection between the diesels and 
the propeller gearing is used in the 
new Moore-MacCormack Lines’ 
freighter MORMACPENN. Electric 
couplings, operating on the squir- 
rel-cage induction principle, have 
an outer rotating-field member 
connected to the propeller gears, 
and a squirrel-cage wound inner 
member connected to the diesel. 
Interaction of the outer rotating- 
field and inner induced-field trans- 
mits engine torque. 





Single lever on control desk controls 
all four couplings installed on this new 
freighter. The couplings can be used as 
disconnecting clutches for maneuvering 
in either direction at slow speed. Half 
the engines are run ahead, the remainder 
astern; the ship is then maneuvered in 
either direction by operating the lever to 
apply field to the proper couplings and 
thus drive propeller gears with ahead or 
astern engines, as required. Couplings 
are not used to furnish speed control. 


Outer rotating member, connected to propeller gearing, 
carries salient magnetic poles separately excited by direct 
current from the auxiliary power supply. Interaction of the 
magnetic field produced by the d.c. poles of this member and 
the rotating field developed by the induced currents in the inner 
member creates electrical force that transmits torque. 
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Inner rotating member with squirrel cage winding is 
mounted on the diesel engine shaft extension. Efficiency of the 
electric coupling is about 97.5 per cent. When driving, the cou- 
plings act as torsionally flexible members and torsional dampers, 
absorbing torque pulsations, reducing gear wear and noise and 
minimizing vibrations in the driven system. 
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MODERN DESIGNS 





Thermal relay, used for starting serv- 
ice with 15 and 20 watt fluorescent lamps, 
is ambient-compensated and has two very 
small bimetallic disks. Designed by the 





RANDOM JOTTINGS ABOUT NEW 
DEVELOPMENTS 


Directional signaling switeh which mounts in place of 
the gearshift knob has been developed by the Teleoptic Com- 
pany. The switch, molded of Durez plastic by Anfinson Plastic 
Molding Company. has a small sliding button which is moved 
fore or aft by tke finger. A small bulb in the lower half of 
the knob lights when the switch is on. 


Superheat thermometers developed by Fedders Manufac- 
turing Company are fitted with spring clips by which the ther- 
mometer can be clipped to 42. % or *4 in. O.D. tubing. A 
copper contact button transfers heat to thermometer bulb. 
Thermometer is protected by a metal sleeve guard, which can 
be rotated for reading at any angle. 








Wrinkle finish accented with polished steel bands is used 
on the housing of the new Super-Speed L. C. Smith typewriter 
styled by Designers for Industry, Incorporated. The smoothly 
contoured housing has removable side, back and top panels. 
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Spencer Thermostat Company, this relay 
has its heater wired in series with reactor 
of fluorescent accessory. Contact opens 
in 6 sec. with inrush current of 0.47 amp. 





at 118 v., and remains open under 0.3 
amp. normal running current. Relay is 
mounted in two-piece black bakelite case, 
Illustrations show actual size. 


E Rimetod disk 





Low-voltage cireuit breaker with Spencer disk protects 
windshield wiper motors against locked rotor. At 80 deg. F. 
normal current is 8 amp.; trips in one min. with 12 amp. current. 


Renewable 
Mone/ sear. 


Mone/ washer screw 






Packing nut 





Fiber Aub 
washer 





“Spindle packing 


4 


Rubber and asbestos 
tiber washer 


To resist corrosion and consequent abrasion of the rubber 
asbestos fiber washers, renewable valve seat in the Speakman 
Hi-Seat valve is of Monel. Washer retaining screws are al 
Monel. Renewable washers are incased in swivel disk. 
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VERTICAL SHAFT DESIGN 


With Calculations for High Speed Rotor Effects 


PART from designing for fune- 
tional performance, there are 
many problems common to the 

design of various types of equipment in 
which heavy parts are fastened to and 
are rotated by vertical shafts. These 
common problems include choice of 
shafting diameter, the selection of type 
and spacing for bearings, and drive 
arrangements. 

In general, machines with vertical 
shafts can be classified as either low 
speed machines in which the peripheral 
speed of the rotating member is less than 
600 ft. per min., or as high speed ma- 
chines when that speed is exceeded. 

In slow machines, failure of shafting 
will most likely result from not consid- 
ering the fatique properties of the shaft- 
ing. the shock loads to be encountered, 
or the twist and deflection caused by 
torsional and bending moments. 


When 7, = total torque transmitted 
at shock load, in |b. 

S, = shearing stress for shaft 
material at endurance 
limit. lb. per sq. in. 

d = shaft diameter. in. 

the diameter of shaft necessary to trans- 
mit a given torque load can be derived 
from the well known equation. 
aS, d 
16 

Using a safety factor of 3 (which is 
usually satisfactory for cold rolled steel 
shafting in which there are no keyways 
or stress raisers) and solving for d, 
Equation 1 becomes 


1 
T\A4 
= 9 2 
d 2.48(5) (2) 


When S, is equal to approximately 0.5 
S., Equation 2 becomes 


_ 3 
d = 3.128 = (3) 
Se 


Since most vertical shafts operate 
under conditions where shock is a vari- 
able component, further analysis can be 
made through a consideration of the em- 
pirical relation which takes into account 
superimposed static and 
stresses 


T= (1) 


alternating 


S. ’ 
S,=—- E —2 (*)] (4) 
3 sd 


in which S, = superimposed alternating 
stress, lb. per sq. in. 
S, = endurance limit of ma- 
terial, lb. per sq. in. 
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S, = static load working stress, 
lb. per sq. in. 

S, = stress at yield point, |b. 
per sq. in. 

From Equation (4) it is possible to 
arrive at an equation for the shaft diame- 
ter d in which 

T,, = additional torque transmitted 
at shock load, in. lb. 

T, = normal torque transmitted at 
shock load, in. Ib. 


d= 3.128} * '35, 


A shaft so designed is correct for 
strength under a condition of pure tor- 
sion. It may not, however. be stiff in 
regard to torsional deflection. 

Angular twist or deflection of solid 
circular shafts can be determined from 
an equation in which 

6 =angular deflection of shaft. 
radians 
L’ = length of shaft from point of 
power application to point 
of rotor attachment, in. 
E, = modulus of elasticity in shear. 
Ib. per sq. in. 
10.186 TL’ 
~  Ed* 

When the angular deflection is limited 
to one degree in every twenty diameters 
of shaft length. from Equation (6) d 


becomes 
Tt \% 
d = 22.7 E. (7) 


Shafts calculated to resist only torque 
may still be deficient, if no consideration 
is given to the bending moments brought 
to bear on the shaft by attached rotor 
elements when the axis of rotation does 
not exactly coincide with the principal 
axis of inertia of the rotor because of 
small irregularities. 

The centrifugal force F, in lb. produced 
by a balanced or near balanced rotor of 
weight W lb., as shown in Fig. 1, ro- 
tating at V r.p.m. at a distance K from 
the center line of the vertical shaft is 


F = 0.102 W K (N/60)? (8) 
and the deflection K produced by force F 
acting on a free end shaft of length L in 


in., having a modulus of elasticity in 
tension E, is 


. 64FL'_, F L 
ak 7 ae 070( Fa) 9) 





(6) 


Since the small eccentricity of the axis 
of rotation and the axis of inertia of a 
theoretically balanced rotor cannot be 
determined from design calculations, the 
deviation of the rotor and shaft assembly 
from the theoretical center-line of the 
shaft may be taken as distance K alone, 
and from Equations (8) and (9), in 
which the terms K and F drop out, and 
from which is obtained the equation 


1 
TnNJ2 73 4 
1-(“F2)" 85 a0 


which, for a free end shaft, is the mini- 
mum diameter necessary to withstand 
the bending moment set up by forces 
caused by discrepancies in rotor balance. 
Similarly for a shaft held by bearings 
above and below the rotor, the equation 
for the deflection K produced at the load 
point by a centrifugal force F because of 
a slightly unbalanced rotor, where a is 
the distance between rotor and bearing 
A in inches and 6 is the distance be- 
tween rotor and bearing B in inches, is 
K = (4F eb 6.92 Fab (11) 
 3rLEd LEd ' 
By combining Equations (8) and (11) 
to eliminate F and K, an expression for 
the diameter of the shaft is arrived at 
for a shaft held by bearings above and 
below the rotor 


1 
Y NJ2 a2 h2 4 
d= (Ms ) 8.5 (12) 


From Equation (11) when the shaft 
is held above and below rotor by self- 
aligning bearings so that a equals 6b 
equals L/2 


64 FL FL 
, a = 0.4244[( - 
K = Ja = | on (Fh) (13) 


and by combining Equation (13) with 
Equation (8) 


pore rN 36 
(8) d= (* 7) 17 (14) 


These equations for checking the cal- 
culated shaft diameters for bending may 
yield a value for d which is smaller than 
the value obtained through the use of the 
torsion equations. The maximum value 
for d as given by any of the three equa- 
tions (two for torsion and one for the 
particular bending condition which fits 
the design) is the value which should be 
selected pending the final review of the 
value so obtained for combined bending 
and torsional moments. Taking M, the 
maximum bending moment for the shaft 
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Fig. 1—Free end shaft with nearly bal- 
anced rotor 


diameter as calculated by the particular 
instance of bending-check equation, as 
equal to 


T S e as 
32 


M = 





(15) 


and using the value so obtained in 


> lg 
és (#5) (T? + M2)! | (16) 
TOs 


it is possible to check the previous values 
of d. Should the value as given by Equa- 
tion (16) exceed the value previously 
selected on the basis of the torsion and 
bending equations, then this larger value 
should be used. The value given by 
Equation (16) should be disregarded if 
it is less than the torsion or bending 
equation values. 

Small shaft diameters are of course 
desirable, particularly in constructions 


Fig. 2—Rotor sha‘t guided by bearings 
above rotor 


where the shaft passes through a stuffing 
box assembly since a minimum surface 
speed of the shaft has many advantages. 
However, adherence to the foregoing 
rules is important if distortions and vibra- 
tions of the shaft are to be prevented or 
reduced to a minimum. Vertical shafts 
which do not comply with the foregoing 
rules are likely to intensify bearing prob- 
lems especially if self-aligning bearings 
are not used. 

After determining the size of the shaft, 
the next problem is the design and selec- 
tion of the shaft bearings, and the loca- 
tion of the same. 

The magnitude of the axial thrust on 
a vertical shaft is of course equal to the 
sum of the weight of shaft, the weight of 
rotor or rotors, the axial components of 
forces set up by functional operation of 
the machine. and (if the machine is 





Fig. 3—Rotor shaft guided by bearings 
above and below rotor 


sealed against atmospheric pressure) the 
force set up because of the difference in 
absolute pressure in and outside the ma- 
chine which may cause either a negative 
or positive thrust on the shaft. 

Calculation of the radial loads on any 
two bearings guiding a vertical shaft 
depends on the location of the bearings 
with respect to the rotor member or mem- 
bers. Where several loads act upon the 
same span of shaft or where any single 
rotor produces a distributed load. the 
loads should be resolved to a single con- 
centrated load at one location on the 
shaft. 

Since the radial load on the guide 
bearings depends on the bending moment 
imposed on the shaft, the bearings should 
be selected or designed to take the maxi- 
mum bending moment which the chosen 
shaft can resist, or 
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FIG. 6 











Fig. 4—Guide bearing assembly of simple construction for agi- 
Fig. 5—Bearing assembly designed to take thrust 


tator shaft. 
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pressure seal 


load on vertical shaft. Fig. 6—Guide bearing assembly with spring 
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4 3 8 
M= [2 s. (4) | /d = nae (15) 
For a free end shaft of length L in., the 
maximum moment is 
M =FL (17) 
Combining Equations (15) and (17) and 
solving for F 





S.d 


F = 0.098 L 





(18) 


For a shaft having two bearings above 
the rotor, as shown in Fig. 2, let A be 
the top bearing and B the lower bearing 
and the span between them be L: inches. 
and L be the distance from bearing B to 
the rotor then the radial thrust on bear- 
ing A becomes: 
FL S.d 


Ra al i = 0.098 nw = (19) 


and on bearing B 


Shes, 
pa Fb by) _ ool 54 a + [a0 





Li LI, 


For a shaft supported above and below 
the point of attachment of the rotor as 
shown in Fig. 3, the maximum bending 
moment will occur at the point of attach- 
ment and is given by the equation: 


Fba 


asides 





(21) 


Combining equations (15) and (21) and 
solving for F, it is possible to arrive at 
the expression: 


ihe 0.008 (4: )s.0 (22) 
ba 


The radial load on bearing A is then: 


Fb S.d = 
R= >= 0.008 (*:#") (23) 


and on bearing B 


Fa S.d@ 
ery: he gee or. —— 94) 
Ro = I 0.09 ( b ) (24 


In designing any rotating assemblies. 
it is important to consider the service 


factor which should be applied to shaft 
guide bearings. This factor for bearings 
in mixer units and centrifugal pumps 
should have a value of 1.5 to 2. As ap- 
plied to shaft design, the service factor 


for bending should be from 1.5 to 2 and~ 


1.0 to 1.5 for torsion. The values 1.5 to 2 
are used in high viscosity range. 

Where a guide bearing separates an 
agitator shaft into spans, the load acting 
upon the bearing can be considered to 
be the resultant of individual loads acting 
on the bearing from each span, where the 
individual loads are the loads produced 
by the rotors in each individual span. 
neglecting the influence of the succeeding 
span or the gyroscopic action produced 
at the bearing by loads held close thereto. 
Thus where the shaft diameters and 
spacing of bearings have already been 
determined. it becomes possible to select 
the proper type of bearing from a knowl- 
edge of the magnitude of the thrust and 
radial loads. Where a friction bearing 
seems to be desirable for supporting a 
radial load, the proportions of the wear- 
ing members can be determined from 


P= 4 (25) 
where L = length of wearing member. 
in. 

d = diameter of agitator shaft, in. 

F = load on bearing in |b. 

P = bearing pressure in lb. per 
sq. in. for the two metals in 
“contact” and for the con- 
dition of lubrication. 

The foregoing equations for determin- 
ing the load on vertical shaft guide bear- 
ings are based on the ability of the de- 
signer to determine the point of con- 
centration of the weight of the rotor 
member. Naturally, unusual eccentricities 
in balance or failure to properly estimate 
the peint of concentration of weight will 
give faulty results. In general, it may be 


said that since bearings under the condi- 
tions of starting and stopping of the shaft 
should reduce the amplitude of the vibra- 
tion to a minimum, and should minimize 
the effects of vibration magnification fac- 
tors such as sudden unbalanced loads, 
good practice precludes friction type 
bearings in which the ratio of length of 
the wearing member to the nominal 
diameter is less than 1 to 1. In general, 
for guide bearings which are submerged 
in liquids or semi-liquid ‘materials the 
ratio will vary from 2 to 1 where the 
material has good lubricating qualities, 
to 3 to 1 for liquids having poor Jubri- 
cating properties. 

Bearing for agitator shafts which are 
inside the tank and above the level of the 
liquid phase are subjected to the pos- 
sible effects of vapors or the solvent effect 
of condensed vapors upon the bearing 
lubricant. Friction type bearings which 
operate submerged in materials contain- 
ing gritty components capable of scoring 
the shaft or the inside of the wearing 
member necessitate special consideration. 
Fig. 4 shows a guide bearing assembly 
ef simple construction involving an anti- 
friction bearing which can be located 
above the liquid phase and in presence of 
vapors at or near atmospheric pressure, 
this type is also satisfactory when work- 
ing submerged in the liquid phase, but 
not to be subjected to a_ hydrostatic 
head of more than 2 ft. Pressed into both 
gland ends of the bearing housing are 
Garlock standard leather Klozures. 
These are capable of sealing the oil 
necessary for the lubrication of the bear- 
ing and also of preventing condensate on 
the shaft, and to some extent vapors and 
liquids under small heads from entering 
the bearing proper. 

The bearing assembly of similar con- 
struction, shown in Fig. 5 is designed to 
take the thrust load of an agitator assem- 
bly. Bearings submerged in liquids and 
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Fig. 7-Thrust and radial load bearings for submerged service 
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Fig. 8—Method of supporting bearing assembly with tie-rods 


16] 











TABLE I 








DISTANCE OF 


BEARING A 


A to Loap 


Bearinc B 


DISTANCE OF 
B to Loap 


CRITICAL SPEED 





C0 eee patina a 


Self-aligning. ... ms l 
eee eee a 
RR FR ane Oe ee l 
eS Sg ae epee ee nee l 
SNR 5. 28 atl Sok Becca l 
AER ES ee ee eee l 


to 


Self-aligning 


Self-aligning. . . 


Rigid. . 


Rigid. . 


Rgds i te ecco 


Rigid... 


Free end 


b 387,500 Et \ z 
ab w 








ad? 
l/2 1,550,000 ] a 
w 
a ae ot 
' 387,500 G5 Y Wat 
d? 
2 3,100,000 l a 
Vwl 
di | 1 
P 175,000 “ab y Wa (31 + b 
.* d? 
2 aes 
. ts. l Vwl 
X 387,500 £ 
oe >? 
; l Vwl 





subject to large heads, or bearing assem- 
blies in contact with vapors under high 
pressures require more complicated 
assemblies. Fig. 6 shows a guide bear- 
ing assembly with spring pressure seals 
capable of sealing against heavy liquid 
or gas pressures and of course also 
capable of retaining necessary lubricant. 

A thrust bearing assembly for oper- 
ating submerged in liquids under high 
pressure is shown in Fig. 7. Similarly, 
combinations of bearings taking thrust 
and radial loads within one single hous- 
ing are possible and very practical for 
some step bearing assemblies. 

Provision of adequate supports for 
guide bearings is frequently a source of 
much annoyance to designers of mixing 
and other types of equipment, particu- 
larly where it is important to correct, 
after first assembly, the alignment of the 
guide bearings, or where it is necessary 
to align the shaft and bearings after re- 
pairing or overhauling work. Fig. 8 shows 
an assembly designed to meet these con- 
ditions. Four shoulder threaded lugs are 
provided around the center section of 
the sealed guide bearing assembly. Four 
rods screwed into the nuts are connected 
by turnbuckles to rods held in braces 
attached to the walls of the tank. By 
providing braces that have some resilience 
it is possible to dampen the severe vibra- 
tions inherent in long lengths of shafting 
when starting and stopping under load 
and thus reduce tendency to score shaft. 

In some of the speed ranges encoun- 
tered in the design of high speed ma- 
chines, the problem of selecting the 
proper diameter of shafting as well as 
the problem of spacing the shaft bearings 
are complicated. These complications 
arise because in addition to torsional 
and magnified natural vibrations caused 
by the influence of various factors 
there exists the possibility of ap- 
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proaching a critical speed for the 
shaft. The critical speed of a shaft is 
that speed at which the elastic forces 
of the shaft are completely neutralized 
so that the shaft is incapable of resisting 
deflecting forces such as the encountering 
of even the slightest unbalanced load. 
The critical speed for any shaft is that 
speed at which the angular velocity 
(r.p.m.) is in resonance with the fre- 
quency of natural vibrations. The criti- 
cal speed of any shaft is determined by: 

(1) diameter of the shaft. 

(2) magnitude of loads carried by 
shaft and the location of the same with 
respect to the location of the bearings. 

(3) the type of bearings used and 
their spacing. 

The severity of the shaft deflections 
produced at any speed are proportional 
to, above all, the extent to which the cen- 
ters of gravity of the various loads deviate 
from their theoretical location at the 
center line of the shaft. At the critical 
speed, the slightest amount of unbalance 
in a turbine, propeller or high speed im- 
peller unit is likely to deflect the shaft 
to infinity, causing it to fail. Hence a 
balanced rotor is of greatest importance 
to any high speed type of machine. The 
equations given in Table I will serve, for 
the given conditions, to locate the theo- 
retical critical speed for a machine shaft 
of the single span type, or where all of 
the load is located on one span of the 
shaft if the shaft bearings divide the shaft 
into several spans. 

Bearings of the self-aligning class, re- 
ferred to in Table I include friction bear- 
ings of the type in which the propor- 
tions of length of wearing sleeve to nomi- 
nal diameter of shaft equals or is less 
than 2 to 1. Rigid bearings include fric- 
tion bearings in which //d of the wear- 
ing member is greater than 2 to 1, or 
bearing assemblies involving non-self- 


aligning multiple rows of anti-friction 
bearings. It should be emphasized that 
the critical speed as determined by the 
above equations is the theoretical critical 
speed, and that the point of maximum 
sensitiveness of a shaft—the actual and 
practical critical speed thereof—will 
occur at any angular velocity somewhat 
higher than the theoretically calculated 
figure. Just how much higher than the 
calculated velocity the actual critical 
speed will occur is influenced by several 
factors, since rotors operating at close 
distances to guide bearings exert a gyro- 
scopic action which tends to straighten 
the shaft, also rotors with properly de- 
signed hubs when fitted onto the shaft 
exert a stiffening influence on the shaft, 
and in addition, to some extent, a damp- 
ening influence is exerted on the shaft by 
the work Joad. 

In view of the fact that where any two 
consecutive loads function on the same 
span of shafting there will occur a nodal 
point at some point between the two 
loads (the actual location of the nodal 
point being some function of the magni- 
tude of the individual loads) and thereby 
decrease the magnitude of the deflection 
to be expected from the influence of any 
single load, complicated calculations for 
determining the critical speed or speeds 
which involve a serious consideration of 
each of the individual loads acting on @ 
multiple rotor shaft will give an illusory 
exactness. It is therefore good practice 
in considering a multiple rotor shaft, 
where all rotors located on same span. 
to determine a mean point of load appli- 
cation and to consider the weights of the 
separate rotors as concentrated at the 
mean point. Only for multiple span shafts 
where the loads on a multiple rotor shaft 
are distributed through two or more 
spans will the above listed equations be 
found to be without application. 
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PRODUCT FINISHES-—I 


Causes and Remedies for Finishing Troubles 


ERELY specification of the cor- 
rect finish to use does not assure 
its proper application. It is 

therefore to the advantage of every engi- 
neer who specifies product finishes to be 
able to detect quickly causes of the de- 
fects and to suggest remedies. As set 
forth in the following tabulations, in the 


GORDON H. ROBERTSON 
Sherwin-Williams Company 


majority of cases simple changes and 
manipulations which can be made in the 
finishing room will overcome the difficul- 
ties with a minimum loss of time. 
More basic, however, than many reme- 
dies is the proper cleaning and treatment 
of the surface prior to the finishing opera- 
tion. Degreasing may be accomplished 


by any one of a variety of accepted 
methods: alkaline, solvent cleaning proc- 
esses, or chemical cleaning. Chemical 
treatment of the metal surface with etch- 
ing agents has been attaining wider 
usage since it contributes greatly to the 
procuring of the desired finishing 
results. 


TABLE I—REDUCERS FOR INDUSTRIAL FINISHES 


Because flow, drying time, and gloss as 
well as other important characteristics 
are dependent upon use of exactly the 
right solvent, the following list, which in- 
cludes the more important solvents, to- 
gether with an index of evaporation rate 


and solvent strength, is provided. Indus- 
trial paint and varnish reducers, other 
than those specially blended for use with 
specific materials, resolve themselves into 
different groups based partly on origin 
and partly on performance. The impor- 


Industrial Reducers 


tance of a proper choice of reducers will 
be emphasized in the tabular listing of 
common finishing troubles, causes and 
remedies, which follows the table on in- 
dustrial reducers and which lists com- 
mon faults, causes, and remedies. 











RELATIVE RELATIVE RELATIVE RELATIVE 
EVAPORATION SOLVENT EVAPORATION SOLVENT 
RATE STRENGTH RATE STRENCTH 
1. Hi Test Petroleum Naphtha.......... 0.75 35 *3. Denatured Alcohol ................. 1.5 
ge a 2.0 35 
oo ee eae 11.0 35 Pond cane ndi es cewecamarsnes 1.0 95 
Retardent Mineral Spirits............. 90.0 40 ee Te 3.0 90 
PY “bitpiwargebeethaswaeiedcaws 90.0 31 EER DURE PAIR 5 ons 5 csc sscsciesc 7. 7 
2. Hi Solvency Naphtha No. 1.......... 1.0 79 5. Gum Spirits of Turpentine.......... 6.0 61 
Hi Solvency Naphtha No. 2.......... 4.5 80 ee 6.0 65 
Hi Solvency Naphtha No. 3.......... 18.0 72 INE 2 teanconcbosscanessceuesn 10.5 66 





* Relative solvent strength not shown because denatured alcohol is a solvent for only spirit-type finishes and is not adaptable to 


Kauri-Butanol ratings. 


1. Evaporation 


Measured by the time in minutes, re 
quired for one drop to evaporate from 
filter paper. 


2. Solvent Strength 


The ratings express the Kauri-Butanol 
value, and are meant as a general indica- 
tion of solvent strength; the higher the 
number, the greater the solvent strength. 

Knowledge of the reducers and their 
Proper use can often be very helpful in 
adjusting application procedure to over- 
come faults brought about by local or 
atmospheric conditions. 
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Ratings 


Because of the many variables to be 
considered, no definite rule for choice of 
solvents can be set forth, but the follow- 
ing suggestions may be helpful: 


a. If, when using the recommended 
reducer, in proper proportions, there is 
a tendency for the finishing material to 
run off the surface, desirability for a 
faster evaporating reducer is indicated. 
Choose a faster solvent from the same 
group; or conversely, if flow is poor, use 
a slower thinner. 


b. Orange peel, if encountered despite 
proper spraying, may be minimized by 


using a slower evaporating thinner from 
the same group. 


ce. On very cold surfaces a _ faster 
evaporating reducer from the same group 
may produce better flow and smoothness. 


d. On hot surfaces, a slower thinner 
from same group allows adequate flow. 


e. If the material in a dip tank tends 
to separate or body excessively, the addi- 
tion of a stronger solvent is desirable. 
Therefore, the safest course is to get in 
touch with the technical department of 
the manufacturers. 


(Continued on next page) 
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TABLE II—PRODUCT FINISHES 


Common Finishing Troubles—Causes and Remedies 





1. “Breaking” of Liquid 
CAUSE 


A. Wrong solvent used 


B. Subjected to unusual conditions of heat or cold 


C. Over-reduction 


D. Reducer added too fast without sufficient stirring 


E. Natural oxidation of the material if allowed to remain open to 
the air over a period of time 


REMEDY 


A. If the break is slight, the slow addition of the stronger solvent, 
along with constant agitation, may effect a good result. 


B. Keep material at a temperature from 70 deg. F. to 75 deg. F, 
If break occurs because of extreme of either heat or cold, the 
treatment is similar to correction E. 


C. Follow directions for proper reduction. If material already 
over-reduced, addition of fresh material will often bring entire 
batch back to proper state. Agitate thoroughly. 


D. Add reducer slowly, stirring constantly. 


E. Addition of proper amounts of solvent plus infusion of fresh 
material will put batch into condition if oxidation has not pro- 
ceeded too far. 


It is usually well to choose a reducer of greater solvent strength 
than originally recommended. Solvent should be chosen as 
indicated above. 


Nore: If the break is too pronounced, it may not be possible to put the material back into condition satisfactory for use. 





2. Skinning of Liquid 


While it has been possible to a large extent to minimize skinning, 
it is something which will occur to a varied degree whenever any 
air drying enamel is exposed to the air. Skinning can be almost 


CAUSE 


A. Absorption of oxygen caused by agitation, aeration, ex- 
cessive amount of drier, heat, or solvent evaporation or all of 
these 


entirely eliminated in baking enamels where tank conditions are 
reasonably good. 


REMEDY 


A. Make sure that containers in which the material is stored are 
air tight. Dipping tanks should preferably have an oil or water 
sealed cover and cover should be in place whenever tank is not 
in use. Whenever conditions are such that skinning cannot be 
overcome by normal means, consult your supplier. 


Nore: To avoid skinning during storage of open containers, or during long disuse of dip tank, the following precautions should be observed: 


a. Oil-type materials — cover remaining contents of partially filled 


container with small amount of turpentine before sealing 


b. Synthetic type — cover remaining contents of partially filled 
container with small amount of synthetic reducer before sealing. 





3. Excessive Settling 
CAUSE 
A. Over-reduction or improper thinner. 


B. Too rapid addition of thinner, causing break. 


REMEDY 


A. Follow thinning instructions of manufacturer. 


B. Add thinner gradually, stirring constantly. 





4. Sagging Film—Curtaining 


CAUSE 


A. Sagging is caused either by over-reduction or by use of too slow 


a solvent. 


B. Application of too heavy a coat. 


C. Draft condition. 


D. Strong sunlight causing top drying and consequent later slip- 


page of film on vertical surfaces. 


E. Uneven distribution of spray coating. Poor atomization. Un- 


even spray pattern. 


F. Jerky operation of equipment for withdrawal from dip tank. 


REMEDY 


A. Use the proper solvent consistent with the general nature and 
temperature of the surface to be coated. Refer to information 
on industrial reducers given above. 


— 
we 


. Apply thinner film. Apply with coat followed by full wet coat. 


~~ 


>. Eliminate draft. 


~) 


. Avoid application in strong sunlight. 


E. More careful application. Avoid excessive overlays. Check 
spray for pattern. 


F. Repair or redesign equipment. Try surface agitation. 


Oe 





Table continued in May PRODUCT ENGINEERING 
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OOLING costs as a rule favor 
the sand casting when only the 
cost of the die required is com- 
pared with the cost of patterns. Pattern, 
core box and match plate cost sometimes 
runs up to or above 25 per cent of die 
cost. Tooling for machining the sand 
casting is likely to exceed that for ma- 
chining the die-casting, and in some 
instances a greater number of machine 
tools are used in the production line for 
the sand casting. In certain instances 
tooling for machining brings the total 
cost for tools for the sand casting above 
the total for the die-casting. In the die- 
casting, holes are usually cored so near 
size that only reaming is required. As 
against this, drilling or boring and ream- 
ing are necessary on the sand casting, 
perhaps with separate jigs for both 
operations. Again, holes which require 
tapping are usually cored to tapping 
size in the die-casting, or the thread 
itself can be cast. In the sand casting, 
holes must be drilled as well as tapped. 
In machining operations such as facing 
of bosses or flanges, tooling is likely to 
be more expensive for the sand casting, 
if for no other reason than that heavier 
cuts are required. When changes in de- 
sign are necessary after die-casting dies 
or sand-casting patterns are made, the 
latter usually can be altered with less 
expense than for a casting die. 
Die costs are commonly distributed 
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DIK CAST OR SAND 


HERBERT CHASE 


and amortized by dividing these costs 
by the number of castings which are 
quite certain to be required. Pattern costs 
should be distributed and amortized in 
the same manner. If the saving per piece 
including machining in both cases mul- 
tiplied by the number of pieces figured, 
equals or exceeds the difference between 
the die cost and the cost of pattern, core 
box and match plate, it may be well to 
invest in the die. 


PRODUCTION RATES are generally much 
higher for the die-casting than for the 
sand casting, providing the comparison 
is made between the number of cycles per 
hour. Of course, if production from a 
match plate having many impressions is 
compared with that from a die having 
one or very few cavities, the two may 
be equal or even favor the sand casting. 
50 cycles an hour is about the lowest 
rate for die-castings, even in large sizes, 
and it runs up to 1,000 cycles an hour 
for some medium to small die-castings; 
the average probably being between 200 
and 300 an hour. This is equal to or 
greater than the average number of 
molds made per day on a molding ma- 
chine, hence the die casting machine 
runs on an average eight or more times 
faster than the molding machine. With 
the latter, there must also be considered 
the added time and labor for casting and 
for breaking up molds and sand handling 


CAST -II 


not required in die casting. Removal of 
fins, gates and sprues is involved in both 
processes, but is likely to be much more 
rapid with the die-casting. 


MATERIAL Costs, especially on a basis 
of equal volume, are quite sure to favor 
the gray iron sand casting, as the iron 
used costs around 144¢ per |b. in pigs 
and costs for sand and fuel are not high. 
As against this, zinc alloy ingot has 
averaged around 814¢ per lb. for several 
years, with no sand to consider and the 
fuel costs are low. If, however, the die- 
casting can be made much lighter than 
the sand casting and still perform the 
same function as well or better, the ad- 
vantage of lower material cost for the 
sand casting is reduced or perhaps even 
eliminated. 

Cost per pound of castings, as distinct 
from pigs or ingots, varies widely with 
the size, shape, coring and quantity re- 
quired. For rough approximations, how- 
ever, one large user of both types fig- 
ures 5 to 10¢ per |b. for gray iron sand 
castings (not machined) and about 10 
to 25¢ per lb. for unfinished zine alloy 
die-castings. 


MACHINING Costs have been mentioned 
and clearly favor the die-casting. as there 
is less metal to be removed and dimen- 
sions are held within closer limits. More- 
over, the advantages of coring either 


— 
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reduces the machining of openings or 
eliminates such machining. If the part 
must be polished, either for plating or 
other finishing, the much smoother die- 
casting reduces the cost of grinding, 
polishing and buffing. Flanges against 
which gaskets fit can sometimes be used 
without machining the face of the die- 
casting, whereas a similar sand casting 
would be too rough and require facing. 
Die-castings do not have sand inclusions 
the presence of which in sand castings 
often dulls tools. 


FINISHING costs are usually higher for 
the sand casting where plating is re- 
quired, as this necessitates grinding, pol- 
ishing and buffing to obtain a smeoth sur- 
face. However, if smoothness is not a 
consideration (as for hidden parts) fin- 
ishing costs may be the same. Except for 
parting lines, many die-castings require 
only buffing, and those which need grind- 
ing and/or polishing require less labor 
for this than do sand castings. Iron sand 
castings are subject to red rust if not 
painted. Zinc alloys tarnish and some- 
times show white oxide if used where 
moisture accumulates, and _ similar 
effects are seen on aluminum and mag- 
nesium die-castings. Nevertheless, both 
zinc and aluminum types are extensively 
used without any applied finish and yet 
remain in acceptable condition in most 
exposures. 


SELF-FASTENINGS and inserts constitute 
fairly important factors favoring econ- 
omy in the die-casting, and having no 
real counterpart in the gray iron sand 
casting. Although integrally cast fasten- 
ings may increase casting costs slightly. 
the economy realized in assembly more 
than offsets this. Projections, solid or 
hollow, are formed on the die-casting and. 
at assembly, are headed or spun over 
for fastening the casting to another part. 
eliminating screws, bolts and _ rivets 
and the cost of supplying and handling 
these. Inserts cast into die-casting such 
as bushings, anchored pins or hardened 
portions may have properties not afforded 
by the casting itself. 


STRENGTH AND DUCTILITY are often im- 
portant and favor the die-casting, as 
Table I shows. Tensile strength is seldom 
of much practical importance as neither 
type of casting is used much in tension. 
Compressive and transverse strength are 
more important, and impact strength 
perhaps in a still greater degree. Impact 
strength is high for a cast material in 
zine alloy die-castings, and still higher 
in brass die-castings. It is materially 
lower in aluminum and magnesium die- 
castings but still is higher, in general, 
than in gray cast iron. In respect to 
ductility, the zinc alloys and the brasses 
rank high (as cast materials run) where- 
as gray iron castings are low. 


166 


Harpness is best compared by refer- 
ence to Table I, but is higher even for 
well annealed cast iron than for most 
die cast alloys. Hardness is an advan- 
tage in respect to wear resistance but, 
at least in combination with some other 
properties, may increase machining dif- 
ficulties. Freedom from cold flow which 
is a desirable characteristic of cast iron, 
is an advantage in many machine and 
similar parts. It is obtained in about 
the same degree in some of the die 
casting alloys. Some die casting alloys 
are subject to cold flow (permanent set 
under load) at room temperatures, for 
which effect allowance must be made in 
designing parts in which this property 
is significant. Some cold flow also occurs 
in cast iron. 


TEMPERATURE EFFECTS are not often a 
factor of importance as between sand 
cast and die cast parts, but sometimes 
they are significant. Zinc alloys are not 
recommended for prolonged use at tem- 
peratures above 250 deg. F., and their 
impact strength falls off rapidly at tem- 
peratures below normal room tempera- 
tures. Despite this, die-castings are used 
in large quantities in automobiles and 
trucks, which are subjected to low tem- 
peratures and rarely fail in service. Those 





Compound rest swivel for lathes. 
Both sand castings and die-castings have 
been used, they are not identical but are 
similar and perform the same - function. 
Sand castings are in “semi-steel gray 
iron” molded from a _ four-impression 
match plate which cost $75 and took two 
weeks to make. 30 pieces are cast per hr., 
and cost 15¢ ea. Machining costs 59¢ and 
lacquering (including cleaning) 3¢ per 
piece, or a total of 77¢ per finished piece. 
The sand castings weigh 3 lb. before, and 
2 lb. 7 oz. after, machining. The sand 
casting permits a precision ground finish 
on the beveled surface to take graduations 
and also permits a wedge type compound 
clamping means for which the die-cast- 
ing is a little too soft. 





exposed to quite high temperatures |. nder 
the hood also give many years of triuble- 
free service. Aluminum and bras- die. 
castings withstand even higher ten: pera- 
tures than the zinc type. Cast irov can 
be used at still higher temperatures with. 
out adverse effects of importance. 


APPEARANCE usually favors the di+-cast- 
ing on the score of smoothness, color, 
somewhat lesser effects of ordinary cor- 
rosion, and fine detail with sharp corners 
when required. The last two are especially 
important where trade marks, lettering 
and the like have to be cast in, or where. 
as in automobile radiator grilles, square 
edges of grille bars must provide sharp 
lines not attained in sand castings or 
even in stamped parts. 

The following actual case histories are 
based on parts which are or have been 
in actual production in die cast and/or 
sand cast form. Those not produced by 
both methods have been carefully fig. 
ured for both types of production and 
one type selected for reasons given. Ac- 
tual data in the examples given sup- 
ports the foregoing conclusions as a 
whole, and also in nearly every respect. 
The examples are instructive, however, 
as they constitute concrete evidence from 
a wide variety of applications. 


Die-castings in A.S.T.M. 25 zine alloy 
are produced at the rate 250 per hr. in 
a single-cavity die, which cost $450, in- 


cluding fin removing tools. Castings 
weigh 1 lb. 8 oz. and cost 27¢ each. 
Machining costs 6.5¢ per piece and 
lacquering 1¢ per piece, making the total 
cost per piece 344¢. The saving of 424¢ 
per piece would more than amortize the 
cost of the die over that of the match 
plate for 1,000 parts, figured for each 
type of casting. Other advantages named 
for the die-casting are better equip- 
ment. Graduations, as can be seen il 
the illustration, on the die-casting are 
raised, being cast on the piece, a pre 
cedure not ordinarily feasible in the san¢- 
casting. 
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Washing machine housing is the 
largest casting on which comparative data 
have been secured. Initially it was de- 
signed for casting in gray iron, but high 
machining costs resulted in a shift to the 
housing die cast in zinc alloy shown at 
the top of illustration, before production 
in large quantities was attained. This die 
cast housing was used for several years, 
after which efforts to reduce costs led to 
the experimental design of cast iron case 
shown in the center of the illustration. 
The iron casting weighed 15 lb. as against 
1] lb. for the die-casting and required a 
separate stamped saddle to support the 
electric motor and separate brackets for 
attaching the casting to the skirt of the 
washing machine. Despite these extra 
parts, which are integral with the die- 
casting (the U-shaped steel stampings 
which straddle the motor bearings and 
support the metor being cast in place), 
the sand casting promised, in careful 
estimates, to effect a net saving of about 
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Cast iron 





Zinc die-casting 





20 per cent. The sand casting required 
four extra machines in the production 
line for drilling holes which are cored 
in the die-casting, however, and necessi- 
tated the use of a large grinding wheel 
for facing the bottom surface to make a 
tight fitting gasket for the stamped cover. 
As against this, the die-castings were 
furnished with the bottom face  suffi- 
ciently smooth and true to make no ma- 
chining by the purchaser necessary on 
this face. 

Having established this estimated sav- 
ing in cost for the sand casting, it was 
decided to determine whether, by suit- 
able redesign, an equal saving could not 
be effected in a die-casting. The result 
was the die-casting shown at the bottom 
of the illustration. It weighs 8 lb. 9 oz. 
but represents no sacrifice in strength or 
in rigidity as compared with the sand 
cast case, a typical section of which is 
shown, or as compared with the first die- 
casting. As with the latter, it includes 


the cast-in stamped steel supports for 
the electric motor and integral lugs for 
attachment to the skirt of the washing 
machine. A sectional view shows the thin- 
ner material in the die-casting as com- 
pared with the sand casting. By using 
this triangular section, considerable ma- 
terial is saved and strength and stiffness 
are increased to parity with that of the 
sand casting. 

With the latest die-casting, there is a 
considerable saving in machine work as 
compared with the sand casting, and the 
investment in extra machines is avoided. 
As a net result, the saving of the new 
die-casting over the old is nearly the same 
as that estimated for the sand casting. 
Advantages gained by the new die-cast- 
ing as compared with the sand casting 
include: lighter weight; fewer parts to 
stock, handle and assemble; smoother 
castings which are better in appear- 
ance and a machining line with fewer 
machines. (Continued on next page) 
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Business machine parts were de- 
signed both for casting in gray iron and 
for die-casting in zine alloy and actual 
estimates of costs in both forms were 
secured. The corresponding parts are 
not exact duplicates, but each is designed in sand cast and in die cast form, after 
to gain minimum production cost for the such machining as is needed is done. 

respective method of production and still For both parts the die-casting was 
meet service requirements. The result 


is the use of somewhat thinner sections 
for the die-casting in the two instances, 
but other significant dimensions are the 
same, so that the parts could have been 
used interchangeably if produced both 


selected, primarily because of the lower 


Cost and Production Data 


piece cost, but at the same time the die- 
castings yield better appearance and ma- 
chining costs are lowered. The accom- 
panying Table shows relative costs, both 
for tooling and per piece. Cost figures 
include a coat of black enamel for both 
the sand cast and the die cast parts, 
hence this item does not account for the 
total cost differences shown in the Table. 








Type or Part 
Die Cast 


Sand Cast 


Material 
DOMENECH oi). oa eek es HRCA Se ced es **Gray *Zinc alloy 
| cast iron | A.S.T.M. 23 

Ce ee a ee re | (a) $324 (b) $355 
Approx. number required per year................... | 500 500 
hVpe Ge GOGmOU MMAR. cw. ee ee eee ae Black enamel | Black enamel 
Approx. cost of required machining.......... $0 .349 $0.049 
Total cost per piece including mac ane « and applied| 

ns Wem Need... .. ... 6 ce ss eae eee $0.538 $0. 244 
WeGHEEt OF CORUM, OUMOOES... 0... wo tc cece an 31.2 29.7 





Sand Cast | Die Cast 


| **Gray *Zinc alloy 
cast iron A.S.T.M. 23 
| (a) $214 (b) $230 


| 1.800 1,800 
Black enamel Black enamel 


| $0. 102 none 
$0. 387 $0. 107 
8.3 6.8 





Advantages gained by using: Die-casting lower in cost, better in appear- 
ance and requires less machining, also 


lighter in weight. 





Die-casting lower in cost, better in appear- 


ance and requires less machining. 





(a) Includes pattern, match plate and any jigs required for machining. 
(b) Includes die, fin removal tools and any jigs required for machining. 
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PATENT SEARCHING 


Benefits Derived From Surveying the State of the Art 


HERE is a vast 

information that every designer 

must take into consideration. 
Patent publications both in the United 
States and foreign countries should be 
consulted to determine whether an idea 
can be patented, or whether it is a de- 
sign that is an infringement of some 
unexpired patent in the country, or 
countries, in which the article or appara- 
tus will be sold. 

Checking these questions of novelty 
and infringement should be just as 
routine as any other fundamental step 
in design—it is essential before Jaunch- 
ing a new product on the market. Yet it 
is the exception rather than the rule 
when this is done. 

The result is not only shown in the 
large number of patent suits of the most 
expensive character, but is evidenced by 
a large number of settlements that never 
are made public. Such unfortunate com- 
panies, whose designers have not taken 


storehouse of 


H. A. TOULMIN, Jr. 


Toulmin & Toulmin 


this precaution, are compelled either to 
pay substantial sums to patentees whose 
patents are infringed, or withdraw the 
machines from the market entirely and 
make up by a cash settlement for their 
delinquency in not checking this im- 
portant question. 

Fortunately, taking precautions against 
this disaster is not as difficult as it might 
seem. While the storehouse of this 
knowledge is vast, yet it is thoroughly 
classified and easily searched. The off- 
cial records of patents, both United 
States and foreign, are carefully classi- 
fied in the United States Patent Office. 
and are readily available to the skilled 
searcher. Likewise, the prior art in pub- 
lications is reasonably well-known and 
is thoroughly classified in almost any 
library. The skilled searcher, who knows 
how to use the books, can get at the 
facts with the minimum of effort. 

Now let us see just how these pre- 
cautions should be taken and what steps 


are necessary in order to effect a prac- 
tical solution of the problem. There are 
some fundamental tools that every well- 
equipped engineering department should 
have. In the first place, it should be com- 
pletely equipped with up-to-date volumes 
of all of the expired and unexpired pat- 
ents, both United States and foreign, in 
the particular field in which the engi- 
neering department is working. These 
should be carefully classified and in- 
dexed, not only as to number, title, name 
of inventor and country, but they should 
be graphically indexed by charts, such 
as that shown in the accompanying illus- 
tration. 

These charts are survey charts of the 
state of the art. Their purpose is to show 
what features, or combination of fea- 
tures, either mechanical or method of 
operation, have already been monopolized 
by previous patents, either expired or 
unexpired. By a glance at such a chart, 
the designer can tell just what territory 
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is his for future design and development, 
or what territory has already been appro- 
priated by some prior inventor. 

Looking at this chart, you will notice 
that on the left-hand column there are 
listed all the elements that may be em- 
bodied in any design, and across the top 
of the chart may be neither a list of 
other elements, or steps in the method 
of use which are involved in the mech- 
anism shown on the left-hand column. The 
point at which the two columns intersect 
is the spot where the patents covering 
the combination of elements in the ver- 
tical and horizontal columns meet. 


Advantages of Study 


It is obvious that by using such a 
graphic chart of the state of the art, the 
monopolized features can be _ easily 
memorized, or visually checked with pre- 
liminary designs. This eliminates long 
and tedious expense of continuously re- 
designing final products or rebuilding 
them to avoid patent infringement. It 
is not long before the engineering force 
becomes saturated with the state of the 
art and they avoid the pitfalls that other- 
wise would be innocently encountered. 

Better still, this sort of a study of 
prior art often results in very interesting 
and profitable inventions being made. A 
study of this material stimulates ideas and 
makes suggestions to the mind of the 
inventor of the new things and the new 
combinations that he could make that 
can be protected and still make a very 
successful new piece of apparatus to 
offer the trade. 

It is dangerous to rely upon the 
searches made by the Patent Office, in 
the course of prosecuting patent applica- 
tions, to secure this material. The Patent 
Office Examiners limit their searches 
strictly to the particular application and 
its features as claimed. Therefore, the 
search starts out narrow in scope. The 
Examiner cannot afford to take the time 
to make a thorough and exhaustive search 
of the entire state of the art, as can the 
one who is especially employed for that 
purpose. Searching for this sort of ma- 
terial is a highly developed art by 
specialists. It certainly should not be 
undertaken by amateurs, or by engineers 
who have only a smattering of such 
knowledge. 

The Chief Examiners of each Division 
in the Patent Office and their associates 
maintain private collections and lists of 
patents which are sometimes available 
to the searcher. Usually they are quite 
willing to advise those who make the 
searches of the best arts, particularly if 
the searcher is generous enough to give 
a list of the patents he finds to the Ex- 
aminer in order that he may have a cross- 
check in perfecting his own files. 

Another advantage of the study of the 
work of prior patentees is this. If a care- 
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ful survey is made laying out just how 
far each patentee was able to get with 
his idea and a diagnosis is made of why 
he did not go further, or what pitfalls 
he encountered that prevented him from 
having a completely successful machine. 
a composite picture of the problems of the 
art and the reasons why it had not ad- 
vanced any further will soon be had. 
This enables research to be directed and 
design work to be done for the specific 
purpose of solving the problem that has 
defeated a number of prior workers. 

The Wright Brothers, inventors of the 
flying machine, were smart enough to 
do just this, and having done so, they 
solved the problem that hundreds of 
prior investigators had failed to solve. 
They made up their minds that there 
must be some practical reasons why pre- 
vious inventors and experimenters had 
failed to fly. They knew that in one 
short lifetime they would have no chance 
to make all the experiments necessary 
to arrive at the reasons why others 
failed, and that their lives might not 
even last in such a hazardous occupation 
long enough to make more than one or 
a few experiments. 

So the Wright Brothers sat down and 
completely and carefully analyzed every 
patent and every publication of every 
experiment of prior attempts to fly. They 
classified and coordinated these efforts as 
to reasons for their failures. They then 
had before them the composite history 
and experience of everyone who had 
attempted to fly prior to their advent 
in the field. 

They then directed their attention to 
getting at the cause of these failures. 
When they arrived at the cause of the 
failures, they discovered that the whole 
difficulty of previous experimenters had 
been in one simple particular: it was 
the failure to maintain equilateral 
equilibrium. In simple words, no one 
had discovered how, in a mechanical 
way, to prevent an aeroplane from turn- 
ing over on its longitudinal axis when 
it attempted to turn on a curve. 

This is a good example of the true 
way of using the prior art in order to 
analyze the advances of prior workers, 
the results of success and failure, and is 
the true way by which to profit from a 
study of this character. 


Combining Inventions 


Another good example of this situa- 
tion is this. The history of most success- 
ful inventions shows that they are nearer 
solution if .the right materials are 
selected for doing the job because the 
major part of the inventing and design- 
ing has already been accomplished. The 
thing that held back pneumatic tires was 
the development of an adequate vulcan- 
ized rubber compound. Automobiles did 
not come into being until the combined 





inventions of pneumatic tires, rubbe 
gasoline engines, clutches, magneto- 
carburetors, gearshifts and rear ax 
construction had been invented by 
series of inventors. 

Let us step back a few years and se 
what you would have done if you he 
found, as a result of the study of th. 
art. that all of these elements had bern 
completed but never put together in an 
automobile. If you had then combined 
these separate inventions, you would 
have an automobile. As simple as this 
illustration is, yet that is exactly the 
same type of thing that Selden did in 
his patent which was the subject of such 
extensive litigation at the beginning of 
the century. 


Avoiding Duplication 


One of the basic difficulties of engi- 
neering and developing departments is 
this; too much work is done in repetition 
of what has already been done by other 
workers in the same field. The econom- 
ical and successful engineering depart- 
ment is one that takes advantage of what 
has gone before and avoids duplicating 
results which cannot be later patented 
and protected. The courts are full of 
cases showing the results of not paying 
attention to this simple rule. Many a 
tough engineering problem has_ been 
already solved. 

I have seen days and days, and thou- 
sands of dollars spent, upon designs for 
the solution of a problem that had 
already been solved many times before 
and the record of which could be found 
in old catalogs in the same art or an 
allied art. One of the best weapons that 
the engineering department can have 
for conquering problems of this sort in a 
very extensive file of old catalogs. not 
only in their own line of business. but in 
lines of business that are allied. 

Nothing of more value can be found 
in an engineering department that an 
extensive, well indexed library of this 
character. There are mighty few prob- 
lems that basically have not already had 
some considerable attention from _pre- 
vious manufacturers, and these catalogs 
are a veritable storehouse of valuable 
knowledge on the subject. 

Such catalogs are also invaluable in 
proving that the basic things that you 
are doing are old so that you will have 
defenses against patent infringement. 
If a designer can be sure if the machine, 
when completed in its essentials, has 
already been represented in prior pub- 
lications in old catalogs, he can feel 
perfectly safe and secure in recommend- 
ing that that machine be put on the mar- 
ket. Such proof and such knowledge 
may prove to be of major importance 
to the company in deciding whether to 
risk the launching of a new product 
where the patent situation is complicated. 
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V-BELT DRIVES 


Horsepower Ratings and Service Factors 


ONSIDERING- the — somewhat 

meagre information available on 

the properties of the materials 
that are used in the construction of 
V-belts, the variations in structure and 
in manufacture of V-belts of different 
makes, as well as the great variation in 
the service demands, any general rating 
of V-belts according to sizes must be re- 
garded as an average valuation. 

Most of the early V-belt drives were 
developed with the objective of reducing 
space requirements and were therefore 
equipped with sheaves of comparatively 
small diameter. The minimum diameters 
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advantage and that it was desirable to 
correlate sheave size to belt size in a 
workable formula. 

In attempts to develop such a formula, 
studies of numerous V-belt drives indi- 
cated the desirability of extending the 
conventional belt drive formula to in- 
clude the bending effect on V-belts run- 
ning over sheaves of various sizes. Conse- 
quently, further studies were made in 
which V-belt cross sections were analyzed 
to determine the magnitude of the exten- 
sion of the cords in the belt caused by 
bending in sheave grooves. In _ these 
studies, the position of the neutral axis 
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t = distance neutral axis to cord, in. 
d = sheave diameter, in. 

g = acceleration by gravity 

and the equation is 


4Em Wf(VY\ 
hp. = E T.n — a ~ (3) |» 
Ti —_ T. V 
T, —T. 33 ,000 


The correct values for E and t are diffi- 
cult to determine, if considered individ- 
ually, but not when access is had to 
many records of V-belt performances. 
Reasonably accurate values for the dis- 




















} for sheaves were chosen on the basis of was approximated from test data and tances from the neutral axis to the cords 
satisfactory performance and belt life. field reports. were determined by studying the belt 
The horsepower ratings of the V-belts Through these studies there has been cross section. After having adjusted the 
f were influenced by and determined for derived an equation, which is now gener- values of & and ¢t so that the formula 
y the small sheave diameters then in gen- ally accepted by manufacturers of results checked with several instances of 
1 eral use. V-belts, for determining the horsepower known V-belt drive performances, it was, 
? While it was known that the size of rating of V-belts; the terms used are: for all practical purposes, safe to assume 
the sheave had some effect on the dura- T, = tension in tight side of belt, Jb. that the formula and its constants were 
. bility of the drive, no definite method T. = tension in slack side of belt. Ib. applicable to all V-belts of the same 
r for determining the most favorable T. = tension due to centrifugal force, Ib. structure. 
| sheave diameter was generally accepted. T., = breaking strength of one cord, lb. The author was assisted by engineers 
e Also, since ratings were based on mini- E = modulus of elasticity of cotton cord, of V-belt manufacturers in establishing a 
d mum sheave sizes, the possible benefits lb. per sq. in. practical working value for the factor of 
n which would result from the use of larger W = weight of belt per ft., lb. safety of V-belts and for belt constants 
t sheaves were not always obvious. V = velocity of belt, ft. per min. influencing the bending stress term in 
e The demands from a constantly in- n = number of cords in V-belt the equation. The results of this work are 
a creasing diversity of V-belt drive appli- 1/n, = area of cord cross section, sq. in. summarized in the horsepower ratings 
it cations made it apparent that in the use k = a fraction denoting the reciprocal of presented graphically in Fig. 1 for five 
n of large sheaves there was an economic life factor standard V-belt sections. The values 
id — ° 
1. Table I—Characteristics of Prime Mover 
is j 
b- STARTING TORQUE | PuLt-out ToRQUE CONSTANT OR 
id Prime Mover (PER CENT) | (PER CENT) VARIABLE SPEED 
'e- | | 
gs 
le Squirrel Cage Motors | 
Cte eee ch ec 110 to 150 200 to 250 Constant 
in Normal torque (Compensator start)........................ | 110 to 150 | 200 to 250 Constant 
wis Ee a men: 200 to 300 300 to 400 Constant 
Wound rotor motor (slip ring type)........................... 150 to 250 | 200 to 250 Variable 
ve Synchronous Motors | | 
nt. ash ex iiek 4s + Ld cio oy Maeva oan nha wanna 110 to 125 150 to 250 Constant 
“ ite Sir a kp diel ain evens, whch an ae aad ewe cee 160 to 200 250 to 400 Constant 
: Single Phase Motors 
- Repulston and split-phase............................ ee 230 to 500 250 to 400 Constant 
ib- ea ashes yo <5 bw aan a aoa es arapiiag 150 to 200 175 to 200 Constant 
eel Direct Current Motors 
ww i EE aa a See ee eee ch 50 to 100 {150 per cent peak Both 
F a Se gg a ean ae ig at 50 to 100 \ momentary load j Both 
ar : Diesel and Gas Engines 
ige j 4 or more cylinders (above 700 r.p.m.)........0....0....0.... ( Continuous rating |} | {120 per cent of Constant 
ice 4 or more cylinders (below 700 r.p.m.)........0....00..0005. ; 80% of maximum }| { continuous rating at } Constant 
~ 3 or less cylinders.................... \ h.p. rating J | | normal rated speed Constant 
, a oii iain aa Adis nora Kk kK 4.4 0s SAAR ORE AOE i> lacie sakes oe araiene Constant 
4 Line Shafts and Clutch rae, ee rarer ey ere er ee rere Both 
ed. | 
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shown are recommended but are not 
necessarily limiting ones. 

For a given bending stress the ratio of 
t/d is a fixed constant, and is the same 
for large and small belts. With E/n, = 
190, and d/t = 120, the equation gives 
results comparable with the majority of 
horsepower capacities found in practice. 

When selecting a V-belt for any par- 
ticular drive it is necessary to apply 
service factors to the horsepower ratings 
shown in Fig. 1. The horsepower capacity 
selected depends upon the type of elec- 
tric motor or other driving medium, the 
starting and load characteristics, as well 
as the type of driven load. Service fac- 
tors for a wide variety of driven ma- 
chines in conjunction with various units 


have been established, see Table II. These 
factors are based on the characteristics 
of prime movers shown in Table I, and 
are for average conditions. 

Former horsepower ratings which were 
given for a minimum size of sheave made 
no particular allowance for the benefits 
to be gained by using larger sheaves, and 
while there was a distinct gain in the 
life of the drive. compactness was sacri- 
ficed. For example, on a “D” section belt 
running at a velocity of 4,000 ft. per min. 
the rating is increased from 17.3 hp. to 
22.5 hp. by changing from a 13 in. 
sheave diam. to a 17 in. sheave, a gain 
of about 28 per cent which on a multiple 
V-belt drive might be an appreciable 
saving in number of belts and width of 





sheave. Such benefits as less shaft over. 
hang and others will also accru-. Ip 
some applications the W R* of the ‘eave 
will also be reduced. At smaller diame. 
ters some of the belts now have a reduced 
rating which will tend to give more satis. 
factory belt life. Consideration show!d be 
given as to whether or not increased 
power rating of larger sheave dia:eters 
shall be used as an additional facior of 
safety with additional life or to gain 
maximum compactness of design. 

It is reasonable to expect that the dura- 
bility of a belt drive not only depends 
upon the maximum pull in the belt and 
the relative sheave diameter. but also on 
total length of belt and difference jn 
diameters of driving and driven sheaves. 
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Fig. 1—Horsepower ratings for five standard V-belt sections. The recommended values shown should be used with service factors 10 
suit type of driver and application. To obtain the horsepower capacity to be used in selecting a V-belt, multiply the rated horsepower 
of the driving unit by the service factor from Table II and divide by correction factor for arc of contact 
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Table Il—Service Factors 
n 
e 
.. PrimE Movers 
d EvLectric Morors . ENGINES 
e A; %, D. C. Gas AND DIESEL om 
: SQUIRREL CAGE | Syn- SINGLE PHase| Ss | Ss Z : 
‘ APPLICATIONS - | CHRONOUS ee -] a | n= 
) - - | | a =) pe a ee , eS 
; Se | 55 | wal] &- - 2 | Ze | ai 2 1 ee) Be | s | te 
: gE | ze | 5 ee| 3| | 23) E|F |Ss|Ss|s| | as 
BF | eee = wo po & & o* & eo = le <= | @ ge 
a a7 | ake S| AE] ae | S| aS] | E | 6 | Se] Se] | z 3 
ds <2 | <8n | °* G&i<¢ = 3} ee Se las lagilael] = | AO 
25/22 | 5|S4|/2 |8 | fe) € | 2] € | eB l eb] «| = 
id s- 185 |8/8°15 | 5 | 82] 2] 2 | & | S<| Sa) S| & 
on 2s \|% =| Z = =a | 9 Di 0 | = ~ | Wi 
in ee ne am | oon 
™ Bakery Machinery | | | 
7) Dough mixer 2 | | | AE | 1.0 | 
| se sa a a oe oe el a 
Compressors | | | | | | | | 
ae, ee canoe = aid age | pa 
Centrifugal i 2 | 1.2 | 1.4 | 1.4 | | L.z | i .2 | 
ae |} tf $f | a 
Rotary 1.2 | 1.2 | 14| 1.4| | 1.2 | 1.2 | | 
Reciprocating | | | | | 
. 3 or more cylinders L.2 | 2 | 1.4} 1.4 1.2 | | | 
1 or 2 cylinders 1.4 | 1.4 | 1.5] 1.5 | 1.2 | | 
| —e ———$P | —  ———— |§ | —____ — [eae | 
Fans and Blowers | | | | | | 
Centrifugal 1.2 | 1.2 1.4 | | 1.2 | i.2 | | | 
= j ee ee Soe NRE (nena 
Propeller 14{ 14] 2| 1.6 2.0 | 1.4] | 1.4] ; | 
| Induced draft | | | | | | 
| Se SS 
Mine fans 1.6 | 14| 2 | | | | | | 
Positive blowers 1.6 | 1.6 201 2.01 20 | | | | 1.6 | | 
Generator and Exciters 1.2 | 1.2 | | 2.0 1.4] 1.4 
Laundry Machinery | | 
Washers L.2 | 1.2 | 
Extractors 1.2 | | | | 2} 
7 Tumblers 1.2 | | | 1.2 | 
’ Dampeners 1.2 | | | 1.2 | 
. : al —_—|—___|_—— 
§ Flat work ironers Lz | | | 1.2 | 
| _Line Shafts 14| 1.4 1.4{ 1.4[ 2.0[ 1.4] 1.4| | | 1.6 1.6| 1.6 
4 Machine Tools | | | 
Grinders 1.2 1.2| 1.0] 1.2 
Boring mills 1.2 | | 1.2 | 
= saciagiiantld =— 
Lathes 1.0 1.0) 1.0] 1.0| 
— Milling machines i 2 | 1.2 | 
= | 
a Y Screw machines 1.0 1.0; 1.0 | 1.0 | 
=i ‘ Cam cutters 1.0 1.0 | 
= Planers 1.2 1.2| 1.0] 1.2] 
ill ' Shapers 1.0 1.0| 1.0 | 1.0 | 
Drill press 1.0 1.0| 1.0] 1.0| 
— — 
Drop hammers 1.0 1.0} 1.0] 1.0 | 
‘tors 10 —__ — 
se power Shears 1.2 1:2 1.2 1.2 
; aisied 
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‘OPTICAL SYSTEM-IMPULSE BLADE RESEARCH 





Optical system used in turbine blade research. Light is carried through hollow shaft to mirror on blade to be photographed and is 
reflected back through a rotating lens to the viewing screen or camera 


VIBRATORY STRESSES 


F. T. HAGUE, Engineering Manager, Steam Division 
Westinghouse Electric & Manufacturing Company 


UNDAMENTAL problems in 

vibratory stresses and damping 

characteristics are encountered in 
the design of any high-speed rotating 
machinery subject to impact loadings. 
Thus the design of blades for super- 
posed turbines involves damping charac- 
teristics and mechanical resonance of 
blade material. Operating at 900 deg. 
F. the blades are subjected to intermit- 
tent loading by steam jets at 1,250 lb. 
per sq.in. pressure. This imposes a 
violent impact load on the blade on 
each revolution of the turbine. Failure 
of three successive sets of physically 
larger blades on a superposed turbine 
indicated that other factors besides static 
strength must be considered in design- 
ing blades for such intermittent load- 
ing. Also, at 900 deg. F., passage of a 
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large volume of high-density steam cre- 
ates conditions unlike those with which 
there has been much previous experience, 
since for each 20 deg. increase of tem- 
perature in this region, plastic flow or 
creep rate of steel is doubled: and other 
physical characteristics are adversely 
affected. 

Superposed turbines pass from 1 to 
144 million lb. steam per hr. at a dens- 
ity five times as great as the steam 
through the low-pressure turbines with 
which they are in series. To obtain 
good economy at partial loads, the incom- 
ing steam is usually fed to the first wheel 
over only a portion of its periphery. 
Thus the blades are subjected to shock 
loadings each revolution. In order to 
study the blade movement under operat- 
ing conditions, an optical system was 


devised to give photographic records of 
blade vibration with which blade stresses 
and damping characteristics could be 
studied with reference to material selec: 
tion and blade design. Thus _ photo 
graphic records of blade 
under operating conditions were ob- 
tained and gave adequate and accurate 
indication of the type of stresses imposed 
en these blades. This ingenious optical 
method utilizes a recording camera at 


Temperature, Impact and Speed Effects by Optical Methodk 
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by the internal molecular friction of 
the blade material, that is, the damping 
characteristic of the steel. 

In superposed turbines the frequency 
of vibration of first row blades is about 
2,500 cycles per sec. Blades stressed 
at their fatigue limit usually break 
within 10,000,000 cycles. Thus blade 
failures in superposed turbines usually 
develop quite promptly, particularly if 
steam loading is intermittent on the 
blade. As turbine load is increased the 
steam jet covers more and more of the 
periphery of the first wheel until above 
three quarters load, when there is full 
admission with steam applied through- 
out the entire periphery. When full 
admission condition is established, the 
vibratory stress condition is eliminated. 

The amount of load on the turbine 
has relatively little to do with the max- 
imum blade stress since the factors 
which mainly influence the stress are 
mechanical resonance and damping 
characteristics of the _ blade _ steel. 
Mechanical resonance involves a rela- 
tionship of two frequencies. In_ tur- 
bines one of these is the frequency of 
the shock from the steam jet, the other 
is the natural vibrating period of the 
blade. With these two frequencies in 
such a relation that one is an exact 
integral multiple of the other, resonance 
results and the ability of a turbine to 
operate without blade breakage depends 
largely on whether the damping ability 
of the blade material is sufficient to 
absorb this resonant vibration. 


Variation in Stress 


At any constant turbine load, the 
magnitude of the blade stress has been 
found to vary over a four to one range 
when turbine speed is changed as little 
as 2 percent. This four to one build-up 
of blade stress at constant turbine load 
is the cause of breakage. In a partic- 


ular test turbine a change in speed of 
114% percent caused blade vibration to 
vary from resonant to non-resonant con- 
dition. It is obvious, therefore, that 
impulse blading must be designed to 
operate at safe stresses under resonant 
conditions. With actual turbines run 
at constant speed the natural period 
of blades will vary more than 10 percent 
by virtue of manufacturing variations or 
changes in operating temperatures so 
that some blades will be in resonance 
under all operating conditions. 

As a result of this research, several 
important damping relationships have 
been developed. Damping increases 
with blade stress and is extremely low 
at low stress. It is as important to 
know this relationship as to know the 
strength of steel. Damping character- 
istics of different steels vary greatly, 
the widely used 12 percent chrome steel 
having more damping ability in its appli- 
cation range than any other material 
yet investigated. The materials of the 
chrome-nickel class that excel in high 
strength at high temperatures have about 
one-tenth the damping ability as 12 per- 
cent chrome steel. Thus, the four to 
one range of amplification of blade stress 
at constant load would increase to be- 
tween 10 to 15 to 1 if a chrome-nickel 
or nickel-chrome steel were used instead 
of 12 percent chrome steel. Damping 
becomes less as frequency of vibration 
increases: increased stiffness of heavier 
blades does not result in appreciably 
lower blade stress. Damping decreases 
rapidly at higher operating temperatures, 
particularly above 750 deg. F. At 1,000 
deg. F., damping is only one-third as 
much as at room temperature. 

These findings suggest possibilities of 
applying separate dampers to the blades, 
and as a result separate damping de- 
vices that increase the damping of blades 
by five to ten times are being investi- 
gated. A_ steel capsule, partly filled 


with a material that is fluid at turbine- 
operating temperatures, can be inserted 
inside a blade and maintain full damp- 
ing capacity up to 1,500 deg. F. This 
does not necessarily mean that super- 
posed turbines for present day standards 
of temperature and pressure must have 
separate blade dampers to operate safe- 
ly. The research merely points out that 
such means would greatly increase the 
factor of safety of impulse blades and 
may be required to meet future operating 
conditions particularly if these entail 
higher temperatures and pressures. 


Cooperative Research 


Based on the experience with this 
experimental turbine, a second one with 
full size impulse wheel was built for 
research study of blade performance 
under 1,250 lb. per sq.in., 900 deg. F. 
steam operating conditions. This tur- 
bine with its 10,000 kw. generator and 
15,000 hp. water brake is now in opera- 
tion in the Schuylkill Plant of the 
Philadelphia Electric Company. Pres- 
sure of entering steam is 1,250 lb. per 
sq.in.; exhausting pressure is 240 lb. 
per sq.in. The turbine, built solely for 
research purposes, has special construc- 
tional features, including single and 
double blades, separate blade dampers 
various types of shroud attachments, and 
various blade groupings. The built-in 
optical system records the performance 
of the sixteen different blade combina- 
tions. Two rotors having different blade 
design are being built. From this in- 
stallation will come visual records from 
which it is expected to obtain the solu- 
tion of this problem of vibratory stresses. 
It has been our experience that research 
problems are more readily solved when 
measuring instruments are evolved which 
make possible quantitative measurements 
of phenomena occurring under actual 
operating conditions. 
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Damping characteristics of typical blade 
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BRAZING ALUMINUM ALLOYS 


ECENTLY developed methods of 
brazing aluminum alloy assem- 
blies utilize certain low-melting- 

point aluminum base alloys as a filler 
material, and a special flux which per- 
mits the filler material to wet the sur- 
faces of the joint. To date, three general 
methods of application have been ex- 
plored; namely, furnace, torch and dip 
brazing. It has been found that with 
these new brazing procedures, joining 
costs are substantially less than costs 
obtained with standard gas or arc weld- 
ing, joints are neater and require less 
finishing, and that the process permits 
joining of parts that are too thin to be 
welded. 


Furnace Brazing 


In furnace brazing, parts are assem- 
bled, fluxed. placed in a furnace, and 
raised to a temperature above the melt- 
ing point of the filler material, but below 
the melting point of the parts to be 
joined. The cost-reduction possibilities 
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of this method in comparison with gas 
welding are apparent when it is consid- 
ered that the number of parts. or the 
number of joints on any one part. are 
limited only by furnace size. 

Furnace equipment for brazing the 
aluminum alloys is essentially the same 
as that used for brazing other metals. 
A temperature range from 1,000-—1.200 
deg. F. is suitable for all applications 
now in production. Both batch-type elec- 
tric and conveyor-type. gas-fired furnaces 
have been applied commercially. Tem- 
perature control within 5 to 10 deg. F. 
of the nominal value is essential to get 
consistent results; this range is easily 
obtained with practically all commercial 
furnace equipment. 

Details such as baffling of the circu- 
lation in the furnace to prevent local 
over-heating of load. and protection of 
heating units from attack by molten flux 
should be considered. No fumes or gases 
are formed during the brazing period 
which require ventilation to the outside 
air. Experimentai work with commonly 


used controlled atmospheres made by 
partial combustion of natural gas, coke- 
oven gas, butane or propane, has not 
indicated any advantage over an air 
atmosphere. 


Design of the Brazed Part 


When using the _ non-heat-treatable 
alloys the design must be based on the 
strength of annealed or soft material. 
With closed assemblies, provision for 
egress of gases should be made. A 
design which facilitates flow of filler 
material to the joints and permits easy 
assembly prior to brazing is desirable. 
In most cases the design of brazed parts 
incorporates lap joints rather than butt 
or scarf joints. 

In making any type of joint, suitable 
clearance between parts prior to brazing 
is essential, since capillary forces and 
gravity flow of the molten filler material 
into the joint are dependent on proper 
clearances between the mating surfaces. 
In the final state the joining material is 
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in the form of cast metal hence the least 
clearance that will permit a uniform 
filling of the joint will provide the great- 
est strength. Proper clearance is best de- 
termined by trial; it usually varies from 
0.004 to 0.008 in. 

The brazing alloys may be provided in 
the form of wire and sheet in any de- 
sired thickness. with choice of the form 
depending on the application in question. 
In furnace brazing operations the brazing 
alloy must be placed right at the joint 
before the assembly goes into the fur- 
nace. Washers, clips. bands, or wire 
loops of the brazing alloy may be me- 
chanically held in place in or around 
the joint. or may be placed in specially 
provided slots or reservoirs. Volume of 
this filler material should be sufficient 
to form fillets at the joint. Filler mate- 
rials for brazing aluminum parts are 
not expensive and consequently liberal 
allowance for making large fillets can 
be made. Cross-sections of brazed alumi- 
num parts are shown above. 


Typical brazed joints and fittings in aluminum 


Preparation of Parts 


Dirt, grease or foaming lubricants 
should be removed prior to brazing. 
Solvent or mechanical cleaning of the 
faying surfaces is usually sufficient for 
materials such as commercially pure 
aluminum and the aluminum-manganese 
alloy 3S. In a few cases, however, par- 
ticularly on the heat-treated alloys, an 
etch in caustic solution followed by a 
dip in nitric acid is used to prepare the 
surface. A water rinse should be used 
after each of the chemical dips, and the 
parts dried before applying the flux. 

The natural oxide film present on all 
aluminum alloys prevents the “wetting” 
of the faying surfaces by the brazing 
alloy unless the proper flux is applied. 
The brazing alloy will not adhere and 
join the metal parts unless it wets their 
surfaces. The function of a flux, there- 
fore, is to remove the oxide present on 
the brazing surfaces without the neces- 
sity of mechanical rubbing of the surface. 





prevent oxide formation during brazing, 
and promote the wetting of the joint by 
the brazing alloy. It was not possible, 
therefore, to braze aluminum until a flux 
was discovered which would perform all 
these necessary functions, but with the 
new flux now available brazing of alumi- 
num alloys has become commercially 
feasible. 

Generally it is sufficient to coat only 
the brazing alloy with flux; the alloy will 
then flow into the joint by capillary ac- 
tion after melting in the brazing opera- 
tion. In some cases best results are ob- 
tained by coating both the filler material 
and the parts to be joined. The fluxes are 
supplied in powder form and may be 
used dry or applied as a water or alcohol 
paste. The consistency of the paste should 
range from that of thin cream, for spray- 
ing or dipping parts, to a mixture ap- 
plied with a brush, which will just drop 
from the brush when the brush is lifted 
from the paste. 

When brazing closed assemblies with 





Cross-sections of brazed joints in 3S aluminum alloy sheet 
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only small openings, hydrogen gas may 
be formed if a water-mixed flux is used. 
| Ignition of the hydrogen sometimes 
i occurs with sufficient violence to push 
| the parts out of alignment. In such cases, 
the formation of this gas can be pre- 
vented by mixing the flux with methyl 
or ethyl alcohol instead of water. If water 
is used, drying the parts in a separate 
operation prior to brazing is of some 
assistance as it will prevent most of the 
evolution of hydrogen. 


Brazing Time 





























The time required for a brazing cycle 
is determined in part by the nature and 
size of the furnace, as well as the thick- 
ness and shape of the metal parts. Best 
results are obtained when the brazing 
alloy is raised to the brazing tempera- 
ture as rapidly as possible. Only a few 
minutes are required to complete the 
brazing operation after the required tem- 
perature is reached. During this time the Plate glass shelf of a 1940 model refrigerator has a brazed aluminum molding 
filler material melts and flows into and 
around the joints. 

Parts containing both thick and thin 
sections in the same piece must, of 
course, be brazed with a furnace time 
based on heating the thickest section up 
to the brazing temperature. The proper 
choice of filler material, flux and tempera- 
ture depends on the material of which 
the parts to be brazed are made. Com- 
merciaHy pure aluminum, material of 
higher purity, and the aluminum-man- 
ganese alloy 3S can be handled with the ; 

same technique. For these materials, the wx 
furnace should be set so that the tem- get 
perature of the parts reaches 1,150 to ; g 
1,175 deg. F. The specific temperature a 
in this range is determined by experi- 
mental production of the parts and de- 
pends on the amount of flow required to 
fill the joints. The heat-treatable alumi- Fuel tank and carburetor air silencer assembled by brazing 
num alloy 61S has also been used for 
production brazing, but as will be seen 
from Table I, the range of brazing tem- 
peratures for this alloy differs from that 
for the other alloys. 
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Table I 


Brazing Temperatures 












ALUMINUM ALLOY 
No. BrazinGc Temp. F. 












2S 
3S 


1150-1175 
1150-1175 
1060-1090 
















On removal from the furnace the coat- 
ing of flux over and around the brazed 
joints must be removed to improve 
appearance and to prevent attack of the 
metal if the part is to be used in con- 
‘ tinued contact with water. A suggested Tubing and sheet assembled by brazing 
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cleaning procedure is: a short soak in 
boiling water, followed by a half-minute 
dip in 1:1 nitric acid solution at room 
temperature, water rinse, a 30-60 second 
jmmersion in a 5 per cent caustic solu- 
tion at 150 deg. F., water rinse, a short 
nitric acid soak, rinse in water, and dry. 


Appearance of Parts 


The appearance of joints correctly 
made by the brazing processes should be 
smooth and regular. Fillets formed 
assume a neat meniscus shape. The 
joints have a smooth, even surface re- 
quiring little or no finishing, and the 
color approximates that of parent metal. 

Furnace brazing of aluminum alloys 
has been commercially in production for 
assembling outboard motor tanks. More 
than 44,000 tanks were brazed during 
1939 at costs substantially lower than 
those of previously fabricated gas-welded 
designs. Production of refrigerator trays 
and finned sheet parts has also been 
accomplished. Assemblies where light- 
gage metal is necessary, and where gas 
or arc welding would be impossible, are 
joined satisfactorily by brazing. Carbu- 
retor floats and tubular radiator cores 
with sections as light as 0.008 in. wall 
thickness have been successfully brazed 
experimentally. Small tanks and other 
items where the cost of manual welding 
would be high can be produced at lower 
costs by batch brazing. 

As the process is of recent origin. only 
a relatively small number of the many 
possible applications have been exploited. 
The introduction of brazing methods for 
the aluminum alloys into the refrigera- 
tion field will probably be applicable for 
joining evaporator units, cooling plates. 
finned coil diffusers, trays, radiators and 
similar parts. 

The strength of brazed joints in the 
alloys mentioned is about the same as 
that of torch-welded joints. A comparison 
of strength values of furnace-brazed butt 
joints in aluminum alloys 3S and 61S 
and aluminum-manganese-magnesium 
alloy 4S is given in Table II. The values 
are for sheet 0.051 inch thick, and are 
indicative of the range covered. 


Torch Brazing 


In torch brazing, filler wire of low 
melting point and good fluidity is applied 
with a special brazing flux. Brazing is 
accomplished by supplying just sufficient 
heat with a torch so that the molten filler 
material wets the surface of the joint 
with little or no melting in the parent 
parts. Joints can be rapidly made and 
a smooth bead is obtained. Oxy-hydro- 
gen, oxy-acetylene or oxy-natural gas 
flames can be used. The operation with 
the two first-named gases results in 
smoother joints with a cleaner surface, 
as well as an increase in brazing speed. 
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Outboard motor gasoline tanks brazed in a batch type furnace. Joint has been machined 
and polished to an attractive appearance 


Table Il 
Typical Values of Strength of Furnace-Brazed Joints 


FOR SHEET 0.05] IN. THICK 





TENSILE STRENGTH, 


ALUMINUM ALLOYS LB. PER SQ. IN. 


ELONGATION 
PER CENT IN 2 IN. 


YIELD Pornt, 
LB. PER SQ. IN. 





35 15,000 
4S 23,000 
*61S -T 45 ,000 


6,000 7.0 
11,000 6.0 
40,000 9.0 





* Heat-treatment combined with brazing operation; and subsequently artificially aged 


to T temper 


Proper choice of the torch-tip size de- 
pends on the thickness of the parts and 
can most easily be determined by trial. 
Best results can be obtained if a re- 
ducing flame is used. 

Butt, lap or fillet joints can be made 
by brazing. In the case of lap joints, 
penetration of the filler material into 
the lap can be more easily attained if 
the parts are fitted loosely together. 
Tubular joints are prepared with a 3 deg. 
taper in the lapped portion to permit 
penetration of the filler metal and flux. 
Residual brazing flux must be removed 
from brazed joints. This is done by a 
hot water wash, or on complicated parts, 
by the cleaning and etching procedure 
described for furnace-brazed parts. 
Proper choice of the filler material de- 
pends on alloy and thickness of parts. 

Strength and corrosion resistance of 
torch-brazed joints are about the same 
as for joints made by welding. 


Dip Brazing 


In dip brazing, parts are assembled 
with the brazing alloy placed at the 
joint and are held in position with suit- 
able jigs. The assembly is dipped in 
molten flux of a temperature such that 
melting of the filler material occurs 
without melting in the parent parts. Ex- 
perience shows that joints can be made 
on material as thin as 0.008 in. and 
possibly thinner. The process has the 
advantages of low cost and short cycle 
of operation. 

The field of application includes such 
parts as finned tubing, radiators with 
corrugated sections, and parts where 
drainage of the molten flux is obtained 
when the sections are removed from the 
bath. Commercial experience with the 
dip brazing process is relatively limited, 
and detailed information is not yet 
available. 
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Fig. 11—Pedal lever is arranged so that it can be swung up out 
of the operator’s foot space. Part A of the lever is slit and spread to 
form a slot for filler piece B. Part C of the lever is pivoted at D. 
At F is shown the position of the lever when it is swung up. 




















FIG. 13 

































































Fig. 13—Side flanges A on treadle that operates sideways. rather 
than up and down, serve as an abutment to push against and prevent 
operator's foot from sliding off. Side flanges should not be high 
enough to cramp the little toe of the operator. 























Fig. 15—Treadle pressed from sheet steel. This design is corru- 
gated and has a strengthening flange all around the edge. 
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FIG. 12 


Fig. 12—Lever arm 4 is drilled and reamed 
for the rod to which the treadle is pinned. 
The treadle is shaped to fit the sole and heel 
of the operator’s shoe. One set screw in the 
lever arm fixes the treadle which is adjust- 
able sideways and also for vertical angle. 


FIG. 14 





2 g 


Fig. 14—An appropriate design when consid- 
erations make it desirable to remove a foot- 
operated lever from an idle machine or when 
the operation is controlled by hand. Pivot 
pin A is fixed in lever, and pivot mount B 
is fastened to the floor. Foot lever can be 
lifted and pulled forward for removal. 
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Fig. 16—Foot pad casting A is cast around 
the end of lever rod B to obtain lightness. 
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OPERATED LEVERS -II 


FRED ADAMS ‘ 


oot slippage must be guarded 
ia in many designs of pedals, 
since the soles of operators’ shoes are 
often smooth and oil-soaked thereby FIG. 17 
offering a low coefficient of friction be- 
tween the pedal and shoe. When the 
pedal pad is cast, grooves can be cut 
straight across the surface of the pattern. 
The serrations between the grooves 
should be pointed to an included angle 
of 60 to 90 deg. Another method is to 
provide criss-cross serrations which form 
diamond-shaped projections. Hard wood, 
rubber pads. and abrasive faced mate- 
rials are also used for treadle surfaces. 








Fig. 17—Stirrup type of treadle can be used 
when lever is operated up, down or sideways. 
Ball of the foot rests on the tread while the 
toes enter the opening. Sides of stirrup open- 
ing can be wound, padded or laced with soft 
material to prevent chafing. 











FIG. 19 
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Fig. 18—Foot-actuating mechanism that can be operated from either side 
of a machine. Arms A and B are bent U-shape to clear outer walls of 
machine. Pin C is driven into lever arm A on the actuating side. 
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Fig. 19—Lever is cast in the shape of a 
bell crank for use on machines where 
requirements at times are such that it 
is desirable to control an operation by 
foot only and also by hand only. The 
upper end of the lever is fitted with a 







































































. FIG. 20 steel knurled handle. 
4 
Fig. 20—In this design of /D yA 
double pedal the foot is slid / AS f 
along the top surface until it | 4 ” ~ N 
3 contacts the side flanges. The LLLILL: SAAS N 
serrations are cut on an are so — > J ’ - 
that the operator will sense the ‘ke 2 ; © YF | 
change of foot level. VALLILLLLAA ‘ 
AS SIOOOYS r 
: / E 
j B 
: 
H Fig. 21—Treadles made from FIG. 22 | 
round cold rolled stock can be 
} supported by means of two 


plain floor brackets A. To pro- Fig. 22—Removable treadle that projects through an opening in 
vide a non-slip surface a piece 


machine frame. Treadle arm is made in three parts. Rod B is ihe 
of floor plating can be welded fulcrum. Rectangular hole in arm A holds a short bar C. The 
to the treadle bar. projecting end of bar C fits into rectangular socket in arm D. 
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Design for Eliminating Chatter on Planers 


T. ADDISON 


A very interesting problem in ma- 
chine design was encountered some time 
ago when investigation was being made 
regarding chatter marks appearing on 
work machined on a double housing 
planer of an older model when cutting 
with the side head tools. From this in- 
vestigation a new design was evolved 
which has proved very satisfactory. 

One of the primary factors that 
caused the chatter was traced to the 
original practice of holding the cutting 
edges of the side head tools in approxi- 
mate alignment with those mounted on 
the cross rail. Possibly a few jobs 
could be finished in slightly less time 
with this alignment of tools but with 
the increased rigidity and complete 
elimination of chatter obtained with the 


later design, this time saving is doubtful. 

Sections through the housings and 
method of supporting and guiding of 
the side head saddles of both the origi- 
nal and succeeding design are illustrated 
in Figs. 1 and 2 respectively. Consider- 
ing Fig. 1, it will be seen that the narrow 
guide for the side head saddle is on the 
outer section of the housing, with the 
adjustable tapered gib inserted on the 
inner angular edge. 

Observations made during the investi- 
gation under actual cutting proved that 
the saddle continually vibrated, opening 
and closing at surface A. This bearing 
surface was originally intended to resist 
the pressure of the cut. Actually, what 
produced this vibration and therefore 
chatter, was the fact that the resultant 


} Question and Comment 


action of cut produced a localized bend- 
ing or twisting of the housing through 
section B having a leverage arm equal 
to L. Thus, section C of the housing was 
of little aid to the cutting ability and 
rigidity of the side head, but nevertheless 
necessary for support of cross rail. 

One method of overcoming this obvious 
weakness would be to decrease the over- 
all distance D, thereby decreasing lever 
arm L proportionally. Nevertheless, there 
still remained this inherent bending 
action as long as this type of housing 
section was utilized. Another element of 
weakness with this construction is that 
the resistance to tool pressure of the 
housing must be first absorbed by the 
comparatively thin tapered angular gib. 
As mentioned, Fig. 2 shows the adopted 
design to overcome the weaknesses of 
the original construction. 

Here it is seen that the narrow guide 
has been located between the two up- 
right sections of the housing face with 
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the tapered gib as shown to the left. 
Overhang D, or the distance of the cut- 
tmg edge of the tool from the face of 
the housing, has been diminished, thereby 
decreasing lever arm L as pointed out. 
Admitting that there still remains a 
bending or twisting action at section B, 
any tendency for this action to take 
place is immediately nullified by the 
pressure resulting from this action at 
the gib surface and section C of the 
housing, thus holding surfaces at A in 
close contact at all times. This construc- 
tion eliminated all vibration, success- 
fully defeating the appearance of chat- 


ter. Pressure was transformed from the 
gib to solid metal, and increased metal 
removing capacity was made available. 

A similar construction is shown in 
Fig. 3 applied to the face of a column 
of an openside planer. 

Reactions of tool pressure upon the 
side head of a vertical boring mill differ 
somewhat from those obtained on a 
planer side head. Fig. 4 gives some idea 
as to the construction utilized on this 
type of machine. Very gratifying results 
have been obtained here also, princi- 
pally because of the narrow guide and 
double support this construction provides. 


Selecting Bearing Seals 
W. T. SAVAGE, Jr. 


pag washers are generally applicable 
to the simpler bearing arrangements, 
and readily lend themselves to combina- 
tion with other types as a supplementary 
seal. For instance, the seal might take 
the form of a felt washer with a collar 
placed immediately outside, or in com- 
bination with a slinger situated on the 
inside of the washer where oil is the 
lubricant. However, if a bearing housing 
is in one piece and is covered, the use 
of a felt seal increases mounting diffi- 
culties. At high speeds and high tem- 
peratures, the felt may become resinous; 
if it does so, it will become stiff, inelas- 
tic and inefficient. Friction between felt 
washers and shafts may also increase 
bearing temperature, particularly at high 
speeds, and when the felt washers are 
new. No definite speed limits can be set 
for the use of felt washers, however, it 
is a general good practice not to use 
them at speeds exceeding 800 ft. per 
min. when the shaft is only finish-turned. 
Higher speeds are permissible if the sur- 
face of the shaft is ground or polished. 

The grease seal, characterized by nar- 
row rings of grease between the housing 
and the shaft member, is often used in 
combination with labyrinth rings and 
flanges. Straight grooves are satisfactory 
for small high-speed electric motor 
shafts. Labyrinth seals are made with 
one, two or more grooves, a single groove 
being used in place of the felt seal where 
requirements are not too exacting and 
where a felt seal would tend to overheat. 
A two-groove labyrinth is particularly 
suitable if the bearing house is likely to 
be splashed with water or the surround- 
ing atmosphere contains abrasive mat- 
ter. For example, this would be particu- 
larly useful on paper making machines 
or grinding spindles. 

More effective protection is obtained 
by using a labyrinth in combination with 
several grease grooves. It is important 
to remember that several grease grooves 
may be necessary if water comes in con- 
tact with the bearing housing, since 
grease tends to emulsify with the water 
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and become fluid, and consequently may 
be washed away. 

Whether the axial or radial type of 
labyrinth seal is used depends on the 
specific requirements and whether the 
housing is split or in one piece with an 
end cover. Mounting requirements and 
frequency of dismantling are the deter- 
mining factors. It is also important that 
the labyrinth be in the direction of any 
displacement that may occur. 

Another type of radial labyrinth seal 
is the piston-ring type. More costly, this 
seal replaces the housing flanges of ihe 
typical radial labyrinth with piston 
rings lying in a cylindrical recess turned 
in the collar. The rings have freedom 
of movement in an axial direction. Ad- 
vantages of this design are that the axial 
sealing gap between the ring and the 
collar can be made a sliding fit. This is 
a particularly good design for sealing 
off oil. 

The problem of designing an oil seal 
is not easy, since a grease type seal and 
labyrinth cannot be used with oil in the 
housing. When speed of rotation is low 
the felt washer is the only efficient means 
of sealing available, since the elasticity 
of the felt is better preserved by the oil, 
and contact between washer and shaft is 
intimate. At high speeds, however, there 
still remains the problem of resinification 
on iemperature rise. 

At high speeds, desired sealing may 
be obtained by the use of a small gap 
between the bearing housing and the 
shaft, and slinger-flanges which fling 
the oil back into the housing or cause 
it to collect in a groove in the housing 
from which it is returned through a duct 
provided for the purpose. Simple de- 
signs have grooves which produce the 
same flinging effect as small flanges. 
More elaborate devices have fixed flanges 
or spring-ring flanges located in the 
grooves. These seals can only be used 
when the surrounding atmosphere is dry 
and pure, since all the seal is required to 
do is to prevent oil from being forced 
out of the housing, and not to prevent 





the entrance of a foreign material. When 
it is desired to increase sealing capacity, 
a slinger-ring should be placed on the 
outside of the cavity to keep out foreign 
matter. 

To protect bearings on centrifugal 
pumps, slinger-flanges are often placed 
between the stuffing box and the bearing 
housing. These flanges, however, are apt 
to throw water back onto the shaft in 
bearing housings. 

Leather collars can be used for sealing 
bearings which are lubricated with 
either grease or oil, the collar being a 
closed one-piece leather ring held in a 
recess in the housing. Where pressure is 
not the same on both sides of the ring, 
as in an internal combustion engine, this 
type of seal is very effective, provided 
that the atmospheric pressure acts on the 
leather ring. Otherwise it is preferable to 
fit the ring with its tubular part directed 
toward the bearing housing; this will 
then prevent the spring from becoming 
rusty. Leather collars have the advan- 
tage of simplicity of mounting and do 
not require much space. However, they 
generate friction at high speeds which 
may cause temperature rise and consid- 
erable shortening of the life of the washer 
and bearing. The leather washer should 
not be exposed to temperatures exceed- 
ing 175 deg. F. and should not be used 
when the peripheral speeds exceed 1.800 
ft. per min. with a ground surface. For 
polished surfaces. speeds may be con- 
siderably increased. 


Error in Magnet Coil 
Equation 
To the Editor: 


On Page 98 of your February issue of 
Propuct ENGINEERING, in the article 
“A.C. Magnet Coils.” you have presented 
the formula 

Z=WVR xX 
This indicates that in an a.c. circuit. 
the impedance is the square root of the 
product of resistance and reactance. 

As I recall, the impedance is the vec- 
torial sum of these two terms and the 
formula should read: 

Z=VR+X 
JosePH PONTE 
Upper Darby, Pa. 


[Editor’s Note—Mr. Ponte is correct. 
the sign placed between the two members 
under the radical sign should be plus. | 


Design Problem 
Involving Relative Motions 


To the Editor: 


We had a design problem recently in 
which a material strip had to be accu- 
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Pa Pad ' H ; : 
Front of die lower wedge Bo 45° Locking Die block 
rately centralized over a die opening. Correction 


We found that the apparently obvious 
design for centralizing failed to work. 
I wonder if some of your readers ean 
explain the failure. and how it can be 
rectified ? 

The upper and lower wedges A and 
B,-in the illustration, are required to 
move equally and horizontally by a cross- 
wise movement of bar C. For doing this, 
angles and rollers are used which are 
actuated by the rack and pinion move- 
ment shown in connection with hand- 
lever D. The wedges move. or slide 
rather, in 10 deg. angular slots, equally 
positioned on both sides of the die 
opening. 

The object is to clamp and centralize 
material strips of slightly variable 
widths E, between the parallel sides of 
the two wedges. Follower-rolls F, are 
fixed to revolve on the cross-bar, and ride 
in angular driving slots which are cut 
across the ends of the wedges. The prob- 
lem is to determine the correct angles 
for the driving slots, so that both wedges 
will have equal forward movements. 

This is evidently an example in rela- 
tive motions. Such motions are usually 
hard to understand clearly. It was found 
that since the wedges were of opposite 
hands, that is, right and left, the driving 
angles, relative to bar C, must not be 
equal. This was contrary to what anyone 
would naturally suppose. If they are 
made equal, or each 45 deg., it was 
found that when bar C travelled in direc- 
tion G, the upper wedge moved ahead 
faster than the lower, in closing. This 
fault, of course, entirely defeated the 
purpose of accurate centralization. Sup- 
posing that both wedges were straight, 
that is, if the 10 deg. angles were zero. 
then the correct driving angles would 
obviously be equal. In that case, 45 deg. 
angles would, of course, be selected for 
easy driving. Why did the 45 deg. angles 
fail in this case? What should these 
driving angles be in order to move the 
wedges forward equally and thus central- 
ize the strip? Readers’ comments will 
be appreciated. ni? @. Bi. 


Chicago, Ill. 
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To the Editor: 


We note on page 109 of the March 
number of Propuct ENGINEERING that a 
machine for recording sound on film is 
shown and described. Upon the casing 
appears in raised letters the word “Rec- 
ordgraph” but, in the description the 
apparatus is referred to as the “Rec- 
ordak.” 

We assume that this was a slip on the 
part of the person writing the descriptive 
material since the word “Recordak” is 
the trademark of the Recordak Corpora- 
tion, a subsidiary of the Eastman Kodak 
Company, and is applied to apparatus 
made by them for photographing checks 
and other documents upon 16 mm. film. 

—N. M. P. 
Rochester, N. Y. 


| Editor’s Note—The correct name _ for 
the recording machine is. of course, the 
“Recordgraph” and the use of the word 
“Recordak,” with which machine we are 
also familiar, was entirely due to haste 
in preparing the copy for publication. | 






Torsional Modulus 
For Steel Springs 
To the Editor: 


In your February issue of Prom cr 
ENGINEERING on page 66 is an article by 
Wm. Wallace Boyd on Belleville spri: gs. 

In this article Mr. Boyd made the 
comparison of the dimensions of a Be'lle- 
ville type spring with an ordinary coil 
spring for the same load and deflection, 
and in his figures for the coil spring he 
used 15.000.000 for the modulus. 

This figure is entirely too high as we 
find that hot rolled bars in either plain 
carbon steels or chrome vanadium have 
a modulus very close to 10,500.000 and 
for drawn wire 11,500,000 is the corre- 
sponding figure. 

We use these figures in our regular 
practice every day with very good re- 
sults, and we thought you might feel 
like making some correction for the 
benefit of your readers. 

—E. W. Stewart 
The William D. Gibson Co. 


Corrosion Prevention 
To the Editor: 


My attention has been called to the 
quotation from my paper on corrosion 
given by Ed West under the Question 
and Comment section of P. E. for Decem- 
ber. 1939, on page 552. 

For the benefit of any who may have 
been baffled by one sentence, may I point 
out a typographical error. The last sen- 
tence in the second column which starts, 
“The hole was then finished with the im- 
proved fibre and paint—”, should read. 
“The whole was then finished with the 
approved primer and paint coating.” 

This will be a little more understand- 
able, I’m sure. —R. S. Barnasy 


Commander, U.S. Navy 





Can You Work This One? 


H. E. SMITH 


Solution to March problem— 


Honest Monkey 


The first sailor divided the big pile into 
five equal piles and had one cocoanut 
left over which he saved for the monkey. 
He then hid one pile away and pushed 
the other four together, including the 
nut for the monkey. Each one of the four 
remaining sailors did exactly the same 
thing. The remaining pile divided evenly 
among the five. For the least number of 
cocoanuts in the original pile. 

TN 
X=q——y xX (R— 1) + 1 
When N is odd, X = N* + 1 in which 


X is the total number of nuts and N the 
number of sailors. Substituting it is found 
that the original pile contained 3,126 
nuts and the remainder in the morning 
was 1,025 nuts, each sailor having stolen 
625, 500, 400, 320 and 256 nuts. 


This Month’s Problem— 


Share of Expense 


For $4.00 a man hired a team to drive 
to a city 12 miles distant and return. At 
a crossroads 6 miles distant he took on a 
passenger who rode to the city and back 
to the crossroads. What would be the 
passenger’s proper share of the expense? 
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ews and Summaries 


Chemically Pure Copper 


Now Produced Commercially 


Greater electrical conductivity, higher ductility and fatigue resistance 
and extraordinary surface qualities are outstanding characteristics. 


FTER a 10 year research and de- 
velopment program costing well into 
seven figures, the Phelps Dodge Copper 
Products Corp., has perfected for com- 
mercial production chemically pure cop- 
per possessing highly superior charac- 
teristics, as announced by Mr. Wylie 
Brown, president of that corporation. 
Essentially, this new form of copper 
derives its outstanding properties by 
virtue of the high chemical purity ob- 
tained by the patented production process 
used. The first step in the process is the 
manufacture of a brittle form of electro- 
lytic copper. Broken pieces of the elec- 
trolytic copper are then baled into the 
form of a cylinder and pressed under 
high pressure. This highly porous cylin- 
der of chemically pure copper is then 
placed in a furnace with a reducing 





The unusual smoothness and brightness 
of the new PDCP copper is shown by the 
extruded bar at the right. The bar at the 
left was twisted 30 turns and still has a 


comparatively smooth surface. 
tests indicate high ductility 


Rupture 
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atmosphere and heated for a number of 
hours to reduce possible oxides and to 
eliminate all possibilities of oxygen in- 
clusion. The copper cylinder is then 
placed in an extrusion press and the 
metal, at a temperature slightly below 
fusion, is extruded through a die of the 
desired shape, which may be a round, 
hexagonal or rectangular. 

Basically, the copper is of the oxygen 
free type and it is the only solid copper 
produced which is not melted subse- 
quent to the electrolytic purification 
process. Hence, the intrinsic purity of 
electrolytic cathode copper is retained 
completely whereas in ordinary copper 
the melting and pouring results in some 
oxidation and permits impurities to get 
into the copper. 

One of the principal difficulties with 





copper windings in motors and _ trans- 
formers is the existence of imperfec- 
tions. These may be in the form of copper 
dust or slivers on the surface of the wire 
developed during the hot rolling of the 
cast copper bars. During the winding of 
the coil, or subsequently as a result of 
vibrations and magnetic stress, particles 
on the imperfect surface of the copper 
may break away and penetrate the in- 
sulation, causing short circuit. 

Because this new method of producing 
copper eliminates not only the casting 
process, but also the hot rolling process, 
it has made possible the production 
of a sliverless and dustless copper sur- 
face heretofore obtainable only in the 
laboratory. 

Briefly, the electrical conductivity of 
this chemically pure copper, known as 
PDCP copper. is about % per cent 
greater than that of electrolytic copper 
and its density is about 3/10 of 1 per 
cent greater. Its ultimate strength is 
about the same as that of ordinary cop- 
per. but its reduction of area for hot- 
rolled bars is about 82 per cent as com- 
pared to 62 per cent for ordinary copper. 
Its greater ductility is further evidenced 


Extraordinary ductility and surfaces that have a smoothness comparable to electro-plating 
are the two outstanding features of the new PDCP copper announced by Wylie Brown 
(right), president of Phelps Dodge Copper Products Corporation. In front of Wylie 
Brown is a cylindrical briquette of pure electrolytic copper which is later heated and 
extruded. H. A. Staples (left), vice-president in charge of engineering of Phelps Dodge, 
supervised the ten years of experimenting required to develop the new copper 
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by the fact that a one-inch diameter bar 
can be rolled to a strip only 0.01 in. 
thick without any annealing operations. 
This greater ductility permits sharper 
bends, easier forming and easier draw- 
ing. The metal is said to approach the 
malleability of gold. 

The new PDCP copper is said to be 
especially suited for submarine cables, 
refrigeration and air conditioning in- 
stallations, airplane wiring, electric 
locomotive and any services where severe 
vibration is a problem. Its amazing duc- 
tility which is not noticeably reduced by 
cold working makes this copper espe- 
cially suitable for all mechanical parts 
that must be produced by cold rolling, 
cold forging or deep drawing. 


New Industrial Uses 
For Platinum Metals 


OMMERCIAL production of large 
sheets of common metal with thin 
claddings of platinum or palladium on 
one or both sides and the commercial 
production of platinum clad tubing have 
made possible the much wider use of 
these rare metals in the chemical indus- 
try. Platinum clad sheets have additional 
possible applications in the drug, glass, 
food and similar industries where corro- 
sion resistance and the search for non- 
contaminating materials are problems. 
Platinum alloys are also used for con- 
tacts in magnetos for aircraft and in Eng- 
land platinum electrodes are used for air- 
craft engine spark plugs. Contacts for 
magnetos are platinum-iridium, platinum- 
ruthenium or platinum-rhodium alloys. 
Rhodium surfaced reflectors have been 
in use for some years for searchlight and 
flood lights. Platinum-rhodium spinnerets 
are now being used in the production of 
rayon. In the fields of dentistry, jewelry 
and the decorative arts the use of plati- 
num dates back many decades. 


Dr. Edgar Foresees 
Greater Fuel Efficiency 


EVELOPMENTS which will give the 

automobile driver 50 per cent more 
mileage to a gallon of gasoline were re- 
cently predicted by Dr. Graham Edgar, 
director of research of the Ethyl Gasoline 
Corporation. The automotive engine of 
the future will take advantage of gradual 
developments in the refining art, a fact 
which is foreshadowed by experiments 
already carried out to determine the 
possibilities of increasing compression 
ratios where the anti-knock value of the 
fuel is not the limiting factor. This state- 
ment confutes testimony presented to the 
T.N.E.C. to the effect that the engine of 
today has reached the limit in high com- 
pression ratio. With these developments, 
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an increased use of supercharging, now 
restricted almest entirely to aircraft, was 
also predicted by Dr. Edgar. Tests with 
an 8-cylinder supercharged engine show 
that it delivers a maximum horsepower 
of nearly twice that of the unsuper- 
charged engine. Comparing the fuel con- 
sumption characteristics of a large un- 
supercharged engine with a_ smaller 
engine of half the displacement of the 
larger engine, but with a supercharger 
cutting in whenever maximum _horse- 
power is required, it has been found that 
the fractional load economy of the smaall 
engine is vastly superior to that of the 
large unsupercharged engine. 





Do You Know That — 


THE LIFE OF RUBBER SPRINGS worked 
in vibration, in contrast to metal springs, 
is shorter under low stress conditions 
than when the stress is high. (6) 


A PORTABLE INDUSTRIAL “GUN”, using 
shells loaded with smokeless powder, 
will drive a %-in. threaded stud into 
114-in. steel plate. (7) 


WHEN TWO HALVES OF A PART, such as 
a split bearing, must fit together per- 
fectly, the job can easily be done by 
making the part in one piece accurate to 
size, and cutting a notch at the point of 
separation after hardening. When the 
piece is struck with a sharp blow, it will 
split through the notch, giving two pieces 
with a perfect fit. (8) 





Colloidal Graphite For 
LubricatingHotSurfaces 


ONTINUOUS 275-ft. chain-driven 

plate type conveyors in the plant of 
the Champion Spark Plug Company, 
Ceramic Division in Detroit, Mich., carry 
spark plug insulators from a loading 
station, through a kiln and then to final 
inspection. Difficulty was met in lubri- 
cating the guide plates on which the con- 
veyor plates slide. Ordinary lubricants 
burned off, carbonized and flaked. It was 
also desired to use a lubricant that would 
not damage the porcelain pieces if it got 
on them. 

The problem was solved through the 
development of a method of “dry” lubri- 
cation. At a point just beyond where the 
conveyor leaves the kiln, two automatic 
Norgren lubricators of the air-operated 
spray type were installed in such a man- 
ner as to spray “dag” colloidal graphite 
suspended in carbon tetrachloride di- 
rectly on the lower bearing surfaces and 
chain links of the conveyors as the plates 
passed over the lubricator. At this point 
the conveyor has a temperature between 
375-400 deg. F., and therefore the carbon 






tetrachloride of the colloidal graphite 
evaporates almost instantaneously, |/eay- 
ing a coating of dry graphite on the wear 
surfaces. A small amount of kerosene and 
oil is added to the carbon tetrachloride 
to slow up evaporation slightly and thus 
allow the graphite to completely cover 
and lubricate the bearing surfaces. 

When first installed, the automatic 
lubricator was operated periodically 
during the day. Since then, it has been 
found that operating it for a short period 
once a day is enough because the de- 
posited colloidal graphite adheres firmly 
to the surface to give satisfactory 24-hour 
lubrication. 


Lubrication of Kiln Cars 


Another similar example in the Cham- 
pion plant is found in connection with 
the handling of kiln cars. While passing 
through the kilns, the wheel bearings of 
the cars are at a temperature of around 
450 deg. F. continuously for three days. 
The lubricant formerly used had a tend- 
ency to carbonize, the carbon building 
up so that the wheel would lock. This not 
only increased the load on the pusher 
excessively but also made it extremely 
difficult to handle the cars after they 
left the kiln. Powdered graphite, mixed 
with kerosene, was tried with consider- 
able improvement. It was found difficult, 
however, to keep the graphite from set- 
tling out. 

The use of colloidal graphite suspended 
in kerosene solved the problem. Kiln car 
bearings are now given an injection of 
this lubricant twice a day while out of 
the kiln. When they come out of the kiln 
at the end of three days, the bearings are 
free enough so that one man can handle 
a two to three ton car without difficulty. 





Meetings 


AMERICAN FOUNDRYMEN’S ASSOCIATION 
—Annual convention and exhibition of 
foundry equipment. International Amphi- 
theatre, Chicago, Ill., May 6-10. 


AssocrATION OF GaAs APPLIANCE AND 
EQUIPMENT MANUFACTURERS—Annual 
convention, French Lick, Ind., May 20-22. 
F. H. Adams, president of the Associa- 
tion, 60 E. 42d St., New York, N. Y. 


AMERICAN GEAR MANUFACTURERS 
Association—Annual convention, Grove 
Park Inn, Asheville, N.C., May 20-22. 
J. C. McQuiston, secretary, Penn-Lincoln 
Hotel, Wilkinsburg, Pa. 


AmerIcAN Society For Testinc MA 
TERIALS—Annual_ meeting, Chalfonte 
Haddon Hall, Atlantic City, N. J., June 
24-28. C. L. Warwick, secretary, 260 S. 
Broad St., Philadelphia, Pa. 
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Jew Materials and Parts 


Split-Cycle Welding Timer 


Control of welding time to a half-cycle 
of current on any resistance welder is 
provided by this new weld timer. The 
timer may be adapted to any standard 
resistance welding machine, and _ is 
recommended for welding thin-section 
stainless steel, aluminum, brass screen, 
copper lugs and similar applications 
where unusually high heat and close 
control of welding time is essential. 





: oe 


Timer provides a full positive half-cycle 
to permit use of the highest heat in the 
shortest possible time. “Model 90-1” 
is available for 220 to 550 v. with fre- 
quencies of 25, 50 and 60 cycles. Am- 
perage range of 150 to 600 is available. 
New unit consists of two relays in addi- 
tion to one electronic and one rectifier 
tube, panel mounted and enclosed in a 
hinged-cover case. Relay closes on the 
minus half cycle permitting timer to 
fire on the positive half cycle. Weltro- 
nic Corp., 2832 E. Grand Blvd., Detroit, 
Michigan. 


Speed Reducer 


Double spur or combination spur and 
internal gear, ball bearing mounted on 
drive shaft eccentric, meshes with a sta- 
tionary internal gear. In mesh with 
the secondary gear is either a spur or 
internal gear which is solid and con- 
centric with the output shaft. Eccen- 
Ine drives initial spur around pitch line 
of the Stationary internal gear. Since 
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initial spur and secondary gear are solid, 
the speed of the latter is controlled by 
the ratio between initial spur and sta- 
tionary gear. Efficiencies of this design 
range between 70 and 90 per cent with 
reduction ratios from 20 to 1 up to 7,500 
to 1. Brad Foote Gear Works, 1301 
S. Cicero Ave., Cicero, IIl. 


Four-Speed Transmissions 


Transmissions for application to cone- 
driven machine tools. Three models, a 
Master for 1 to 5 hp., a Major for 5 
to 10 hp., and a Super built to specifica- 
tion for machines requiring larger than 
10 hp. motors, are available. Transmis- 
sion case and covers are semi-steel cast- 








ings, gears and spline shafts are alloy 


steel, machined to close limits and 
ground. All of the moving parts run in 
an oil bath. Revolving shafts are 


mounted on anti-friction bearings. Oil 
seals are provided where necessary. 
Selective speed changes, forward and 
reverse, through one lever of the automo- 
tive gear shift type are 1:1, 2:1, 3:1, 
and 4:1. Transmission is supplied with 
brackets for motor and for attachment 
to machine. Western Manufacturing 
Company, Detroit, Mich. 


Portable Rectifiers 


A rectifier unit consisting of a bank of 
tubes and an auto or isolated trans- 
former. Voltmeters and ammeters can be 
added to the unit with suitable controls 
for positive current adjustment, or the 
unit can be furnished with variable volt- 
age controls. Any form of open, drip- 








proof, splash-proof or explosion proof 
case may be furnished. These units are 
designed for use on 110 or 220 volt, single 


phase ac circuits. Any output voltage 
may be furnished, either constant or 
adjustable and the unit can be designed 
for use on circuits of different or variable 
input voltages. Cassels Engineering & 
Machine Co., Wauwatosa, Wis. 


New Welding Cable 


Instead of the customary two current- 
carrying cables this new cable has four. 
The method of arranging the duplicate 
positive and negative cables neutralizes 
each other’s magnetic fields. At gun and 
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transformer ends, each pair of positive 
and negative cables are joined together 
to provide a single bolt solid attachment. 
The seamless rubber covering maintains 
cables in their relative position between 
the gun cooling lines and the control 
cable which forms the core of the unit. 
Water cooling for the current cables is 





circulated through the cable itself. This 
cable is available in 250.000, 400,000 
and 750,000 CM capacities and in 6, 8 
and 10-ft. lengths. Progressive Welder 
Co., 3028 E. Outer Drive, Detroit, Mich. 


Engine-Driven 
Centrifugal Pumps 


A line of centrifugal pumps driven by 
power units in five sizes from 18 to 110 
h.p. with a choice of fuels: gasoline, 
kerosene, distillate, natural gas, or bu- 
tane. Power units have valve-in-head 
medium speed engines, with removable 





cylinder liners, force-feed lubrication 
and a variable-speed governor. The cen- 
trifugal pumps are horizontal-shaft. 
single stage, single- or double-suction 
pumps designed for handling liquids 
at normal temperatures with maximum 
efficiency. To facilitate handling, en- 
gines and pumps are mounted together 
and are available in many combinations 
to meet various requirements in quan- 
tity and pressure up to 5.000 gal. per 
min. and 100 ft. head. Allis-Chalmers 
Mfg. Co.. Milwaukee. Wis. 
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Auxiliary Switch 


Electrically operated auxiliary switch 
for making and breaking several circuits 
simultaneously. Switch is provided with 
any arrangement of make and _ break 
contacts up to 10. By means of geared 
switches and parallel or series arrange- 
ment of the switch coils, any desired 
number or combination of circuits can 
be handled satisfactorily. Two standard 
operating arrangements are provided: 
one can be tripped from the front of 
the panel by rotating the handle, as 
well as by energizing the shunt trip coil, 
the other can be tripped only by the 
operating mechanism behind the panel. 
Position of the handle provides visual 
indication of the last operation of the 
switch. Contacts are normally held in 
“reset” or “open” position against the 





force of a torsional spring by a position 
latch. Two independent latches and 
springs insure positive action; if the 
latch is moved partly toward the un- 
latched position, it will slide back to the 
completely latched position upon being 
released. Westinghouse Electric and 
Manufacturing Co., East Pittsburgh, Pa. 


Photoelectric 
Experimental Set 


Simplified, multi-purpose apparatus. 
Model E-77. consisting of a photo elec- 
tric robot relays a long range light 
source with invisible beam infra-red 
filter; and a signal-switchboard equipped 
for both audible and visible signal 
demonstrations. Set comes assembled 
and ready to plug into any 115 v., 50-60 








cycle outlets. Nearly all commercial .p- 
plications of photoelectric equipment «an 
be duplicated; the robot relay and lizht 
source may also be used for permanent 
practical installations. No batteries are 
required. Set is a sensitive, stable, low 
cost piece of apparatus to make photo- 
electric operation and application under- 
standable to laymen, as well as engi- 
neers. With a small investment in equip- 
ment and time, executives and plant 
engineers can make experimental hook- 
ups of various applications to specific 
problems and test the practicability of 
installing commercial equipment. Reh- 
tron Corp., 2159 Magnola Ave., Chi- 
cago, Ill. 


Ball Bearing Units 


Ball bearing units complete with hous- 
ings for incorporating into machines as 
integral parts have been developed. Avail- 
able in three capacities: for light, medi- 
um and heavy loads, with either single 
row, double row or self-aligning bear- 





ings. In the light series the bearings are 
mounted directly on the shaft; in the 
medium and heavy units the mounting is 
through a split adapter sleeve in a 
tapered bore bearing. Retaining caps, ex- 
pansion or non-expansion units are op- 
tional. Using Neoprene the design pro- 
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vides a labyrinth seal which is friction- 
less and prevents entrance of dirt and 
other harmful substances. Ahlberg Bear- 
ing Co., 3062 W. 47th St., Chicago, Ill. 


Gasoline Engine 


Compact four-cylinder valve-in-head 
engine model U-2 with 3-in. bore and 
4-in. stroke, develops 22 hp. when 
operating on gasoline on regular full- 
load governed speed of 1,800 r.p.m. 
Piston displacement is 113.1 cu.in. Max- 
imum net torque is 78 lb.ft. at 1,000 
r.p.m. Nine-inch single-plate clutch is 
of the over-center type. A spring-loaded 
clutch is also available. Approximate 





weight less fuel, oil and water, is 665 
lb. Overall length is 5014 in.; width, 
205 in.. and height, 4014 in. Governor 
is of the lever-adjusted variable speed 
fly-ball type. and has full control of the 
throttle at any engine speed from 1,000 
to 1,800 r.p.m. Governor springs giv- 
ing close regulation at 1,200 r.p.m., as 
for generator service, are available. In- 
ternational Harvester Co., 180 N. Michi- 
gan Ave., Chicago, Ill. 


Wire Rope Fittings 


The Fiege fitting provides a connec- 
tion having full-rated cable strength and 
enables completion of a wire rope at- 
tachment in five or ten minutes with a 
wrench and screw driver. Wire rope is 
passed through the smaller part of the 
fitting and its strands are broomed out 
or separated. A small metal plug is 
placed in the center of the separated 
strands and the smaller part of the fit- 
ting is screwed into the larger. Thus 
the plug serves as a wedge holding the 
strands firmly in place. The connection 
may be inspected through a hole in the 
fitting. The stud end fitting is shown 
as part of a turnbuckle, but the fittings 
are also available with either jaw or 
eye ends for connecting wire ropes of 
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ts to 1 in. in diameter. Where wire 
rope is used under corrosive conditions, 
these fittings are made of Monel. Elec- 
troline Co., Chicago, II. 


Electric Eye 
Smoke Alarm 


This equipment continuously observes 
smoke passing through a flue. It in- 
dicates the smoke density on a dial 
which reads from zero to 100. The 
equipment is readily set so that a large 
red signal light indicates when the 
smoke density exceeds a predetermined 
value consistent with efficient combus- 
tion. The smoke alarm consists of a 
photoelectric control, densometer-signal 
combination, and light source. The 
light source and photoelectric control 
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are mounted on opposite sides of the 
flue or breaching, and are aligned 
through simple entrance tubes or win- 
dows so that the beam projected from 
the light source strikes the eye of the 
control. The densometer can be placed 
at any convenient location and is wired 
to the photoelectric control. All equip- 
ment is supplied in rugged dustproof 
housings, and is attractively finished in 
dark green crystal. Photoswitch, Inc., 
21 Chestnut St., Cambridge, Mass. 


Aluminum Bronze 


Aluminum bronze of low iron content 
with improved physical properties, also 
susceptible to heat-treatment, is made 
possible by the close control of the alloy- 
ing operation. The alloy’s proportional 
limit has been raised from 18,500 Ib. 
per sq. in. to 31,000 lb. per sq. in., which 
permits designing engineers to increase 
stress allowances by 72 per cent in a 
given section. The treatment automat- 
ically controls rate of cooling, there- 
fore, equal physical properties may be 
expected of small, medium or large 
castings. Known as Ampco Metal 18-23, 
the alloy is particularly well suited for 
use by the aircraft industry. 


Metals, Inc., Milwaukee, Wis. 


Ampco 


Light Weight Steel Channel 


Weighing only 61% lb. to the ft. 10-in. 
hot rolled steel channel _ sections. 
Claimed to be stronger than cold formed 
steel channels of equal weight, this new 





channel meets the requirements of the 


American Institute of 
American 


Architects, the 
Institute of Steel Construc- 
tion, and the American Society of Test- 
ing Materials for structural grade steel. 
Jones & Laughlin Steel 
Pittsburgh, Pa. 


Corporation. 


Immersion Heaters 


New Corox immersion heater for oil 
tempering baths, is made of the high- 
quality steel tubing. Heaters have a 
low watt density of approximately 11 
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watts per sq. in. of active tube surface 
and are available with an effective heat- 
ing depth of either 5 or 10 in. 5-inch 
units have a rating of 2000 watts at 115 
or 230 v., and 10-in. units have a rating 
of 4000 watts at 115 or 230 v. Any of 
these models may be connected to 440 
v. in series. Westinghouse Electric & 


Manufacturing Co., Mansfield, Ohio. 


Flat Spray Nozzles 


Nozzles are for metal cleaning and 
processing, and industrial washing ma- 
chines, or wherever spray patterns over- 
lap which require flat spray with heavy 
center. Nozzles have 14 in. male pipe 





connections, with capacities ranging 
from 1/5 to 34 g.p.m. at 10 lb. per sq. 
in. pressure and 3 to 7 g.p.m. at 40 lb. 
per sq. in. pressure. Standard construc- 
tion is brass or iron, other metals can 
be specified. Spraying Systems Co., 
4011-21 W. Lake St., Chicago, Ill. 
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Hard-Facing Electrodes 


Known as “Faceweld No. 1,” and 
“Faceweld No. 12,” these electrodes are 
cast abrasion-resisting alloys used for 
hard-facing by the metallic are process. 
These coated electrodes have good arc 
characteristics and produce a smooth 
dense deposit resistant to abrasion, but 
not excessively hard or brittle. ‘“Face- 
weld No. 1” is a general purpose elec- 
trode with good abrasion resistance and 
high resistance to impact. “Faceweld 
No. 12” is harder than No. 1 and has 
superior resistance to abrasion. Resist- 
ance to impact is not as high as that of 
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“Faceweld No. 1.” For “Faceweld No. 
1” single layer hardness approximates 
45 to 52 Rockwell C and multiple layer 
hardness approximates 52 to 58 Rockwell 
C; “Faceweld No. 12” single layer hard- 
ness approximates 52 to 57 Rockwell 
C, multiple layer hardness approximates 
55 to 59 Rockwell C, but these values 
will vary depending upon the material 
to which they have been applied and 
application conditions. Lincoln Electric 


Co., 12818 Coit Rd., Cleveland, Ohio. 


Stabilflo Valves 


Suspended construction requires no 
guides, therefore there is no guide fric- 
tion. Friction occurs only in the stuffing 
box packing. The motor may be re- 
moved without disturbing motor adjust- 
ments, or its relation to the valve. The 
one-piece bonnet end stuffing box assem- 
bly increases strength and eliminates 
joints. Stuffing box is _ lubricated. 
Plungers are provided with top and bot- 
tom guides of polished stainless steel. 
Three types of plungers are available 
offering a choice of wide range V-port, 
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or parabolic plugs where the emphas 
is on wearing qualities rather than « 
control performance, or a wide rat! 
turned plug valve. The Foxboro C 
Foxboro, Mass. 


Timers 


New series of automatic reset timers 
and time delay relays for industrial ap- 








plications. Timers are furnished with 


eight terminals and _ have positive 
mechanical lock, magnetically operated. 
Paragon Electric Co., 37 W. Van Buren 
St., Chicago, IIl. 


Sintering Powder 


Powder which may be pressed into 
any desired form by the accepted meth- 
ods used in powder metallurgy. which 
when sintered results in a steel “Sinter- 
loy”. May be obtained in three composi- 
tions for the production of steel hav- 
ing a carbon content of approximate 
0.15, 0.40, and 0.80 per cent. In most 
cases the powder may be pressed di- 
rectly into the shape of the finished 
product so that machining costs and 
metal losses are eliminated. “Sinterloy” 
is suitable for products such as gears. 
cams, pump rotors, washers, pins and 
rivets, and is being used successfully 
for splines operating at high speed under 
alternating stresses where fatigue en- 
durance is of importance. It may be 
hardened by heat treatment to the ac- 
cepted hardness obtainable with steels 
of corresponding carbon content. “Sin- 
terloy” fabricated parts, properly treat- 
ed, are said to have a tensile strength 
of the same order as cast and alloy steels. 
Charles Hardy, Inc., 415 Lexington Ave.. 
New York, N. Y. 
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Manufacturers’ Publications 





Materials 


ALLoy SteELs—Babcock & Wilcox Tube 
Co., Beaver Falls, Pa. Publication “Appli- 
cation Data” which presents briefly sum- 
marized information relating to the applica- 
tion of B & W Croloys and other tubular 
material for high temperature service. Data 
are given on 15 different materials, under 
the heading of Technical Data Card No. 6. 


MeEHANITE MetaAt—The Meehanite Re- 
search Institute, 311 Ross St., Pittsburgh, 
Pa. A handy 9-in. wheel chart which 
contains complete engineering data on the 
yarious types of Meehanite castings now 
available. The chart reveals the physical 
properties of general engineering castings 
as well as those of heat, corrosion and wear- 
resisting types. 


Mechanical Parts 


GREASE AND Om Cups—The Hunter 
Pressed Steel Co., Lansdale, Pa. An 8-page 
4x 814 in. folder. Describing various types 
of grease and oil cups. 


Heavy Sprincs—tThe Fort Pitt Spring Co., 
Pittsburgh, Pa. Catalog No. 4. 36 pages of 
technical data on heavy railroad springs, 
both elliptical and helical types. Formulas 
and charts are included in the catalog. 


INDUSTRIAL BEARINGS—Bunting Brass & 
Bronze Co., Toledo, Ohio. General Catalog 
No. 40. Containing a complete listing of 
Bunting bearings, also including bronze 
tubular and solid bars, babbitt metal and 
technical data. 


LEATHER Bettinc—The Chicago Belting 
Co., 113 No. Green St., Chicago, Ill. 24 
page 814x11 in. condensed catalog. De- 
scribing a line of leather belting, illustrated 
with typical applications. Contains horse- 
power ratings for flat leather belting. 


LEATHER Be_ts—Alexander Bros. Inc., 406 
N. Third St., Philadelphia, Pa. A four-page 
8'4x 11 in. catalog. Describing the Alex- 
ander Duplex leather link belt, which has 
particular application to the lumber, textile 
and paper industries. 


MacHinE Toot  TrANSMISs1IoNsS—The 
Western Mfg. Co., 3428 Scotten Ave., De- 
troit, Mich. Four-page folder, 844x11 in. 
Describes briefly the construction and speci- 


fications of Western machine tool transmis- 
sions. 


MECHANICAL Parts—The Pyott Foundry 
& Machine Co., 10 index cards 34x54 in. 
Reference file and describing the ball bear- 
ings, castings, chains, couplings, sheaves, 
sprockets, pulleys and Vee-tex available 
from the Pyott Foundry & Machine Co. 


Mo.pep Beartncs—Gatke Corporation, 
228 N. LaSalle St., Chicago, Ill. Eight-page 
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84x11 in. folder. Describing the line of 
molded non-metallic bearings manufactured 
by this corporation and giving characteristics 
and typical applications of the various types. 


Nozz_es AND NozzLe Accessories—Spray- 
ing Systems Co., 4021 W. Lake St., Chicago, 
Ill. Catalog No. 20. Describing various 
types of spray nozzles, and including charts 
and tables on capacities and typical appli- 
cations. 


Rotter Beartncs—The Bower Roller 
Bearing Co., Detroit, Michigan. Supple- 
ment No. 2 to the Bower Engineering 
Journal, 844x1l in. 42 pages of engineer- 
ing information on _ single-row tapered 
roller bearings. 


Rotter CuHatns—The Morse Chain Co., 
Ithaca, N. Y. Bulletin R-54. 24 pages of 
engineering data on construction, capacities 
and applications of Morse roller chains. 


Socket Screws—The Bristol Co., Water- 
bury, Conn. Bulletin No. 840, 84x11 in. 
Describing hollow and socket head screws. 


Sprinc SPECIFICATION Form—Lee Spring 
Co., 30 Main St., Brooklyn, N. Y. Four 
page, 814x 11 in. folder. Containing a form 
detailing physical specifications, permissible 
variations, operating conditions, and also 
including a page illustrating the design of 
helical spring ends. 


STABILFLO VALvEs—The Foxboro Co., Fox- 
boro, Mass. Folder No. DMF 789, 8% x 11 
in. Describing the recent improvements in 
and characteristics of the Stabilflo high lift 
valve. 


Stock Gears—The Brad Foote Gear 
Works, 1301 S. Cicero Ave., Cicero, Ill. A 
246-page, 5144x74 in. catalog No. 110. 
Describing the line of gears, reducers, cog 
belts, sprockets, bearings, pulleys and chain 
manufactured by this company. A 36-page 
engineering section, included in the back of 
the book, contains dimension rules for gears, 
tables of tooth parts and trigonometric func- 
tions and tables. 


V-BeLtt SHEAvEs—The Sterling Aluminum 
Products, 2925 N. Market St., St. Louis, Mo. 
Four page, 84x11 in. folder. Describing 


machine-grooved, balanced aluminum 
sheaves. 
Electrical Parts 

Capacitor. Motors — General Electric 


Co., Catalog No. GEA-2915A. 8 page 
844x1l-in. folder. Describing the applica- 
tion, construction characteristics, and rat- 
ings of general purpose capacitor motors. 


Exectric HEATERS AND ContTrROoLs—The 
American Instrument Co., 8010 Georgia 
Ave., Silver Spring, Md. Bulletin 2075, 28- 
page catalog. Describing the latest devices 


for application of electric heat to industrial 
processing and laboratory service. Types 
described include immersion heaters, space 
heaters, room heaters and various controls. 


Evecrric Heating Units AND ContRoLs— 
The Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 38-page catalog, 814 x 11 
in. Containing a complete listing of electric 
heating units and controls for industrial ap- 
plications. Also included are nine pages of 
application data and photographs of actual 
installations. Catalog 28-000. 


ELECTRICAL EQuipMENT — The General 
Electric Co., Schenectady, N. Y. Bulletin 
GEA-3311. 4-page 814x1l in. folder. De- 
scribing the various types of electrical 
equipment available for machine tools. 


Inpuction Motors—The Reliance Electric 
& Engineering Co., Ivanhoe Rd., Cleveland, 
Ohio. Bulletin No. 118, 844x11 in. Four 
pages describing the design features of the 
Types AA Reliance ball-bearing squirrel- 
cage induction motor. 


InpDusTRIAL Wirinc—General Electric Co., 
Bridgeport, Conn. Publication No. 51-919. 
Describing modern wiring methods and ma- 
terials for factory application. Case histories 
of several factories are given in the manual. 


Micro-SwitcHes — The Micro Switch 
Corp., Freeport, Ill. General bulletin and 
data sheet No. 20. Four pages, 844 x11 in. 
Describing the characteristics and dimen- 
sions of micro switches of various types. 


Micro-SwitcHEes—The Micro-Switch Corp. 
Freeport, Ill. Data sheet No. 8, 844 x 11 in. 
Four pages containing the specifications and 
the description of the mechanical con- 
struction of the Type LK interchangeable 
precision limit switch with a roller actuator. 


PoTENTIOMETERS—Leeds & Northrup Co., 
4934 Stenton Ave., Philadelphia, Pa. 24- 
page booklet, 734x 10% in. Describing the 
Potentiometers K-l and K-2, including a 
section on accessories. 


Rectiriers—The Cassels Engineering & 
Machine Co., P. O. Box 114, Wauwatosa, 
Wis. Bulletin No. RC1-18, 16 pages 534 x 
84 in. Describing the advantages of power 
rectifiers for speed control and magnetic 
devices. 


Rotary Converters—The Janette Mfg. 
Co., Chicago, Ill. 84x11 in. single page 
form. Containing specifications and capaci- 
ties of the Janette rotary converters. 


THERMAL SwitcHes—The Arrow-Hart & 
Hegeman Electric Co., 103 Hawthorne St., 
Hartford, Conn. A single 84x11 in. cata- 
log page. Describing the new “Load Limit,” 
thermal switches for single phase motors 
up to 14% hp. maximum or for polyphase 
motors up to 2 hp. maximum. 


Wirinc Devices—The Arrow Electric Di- 
vision of the Arrow-Hart & Hegeman Elec- 
tric Co., Hartford, Conn. Catalog No. 27, 
844x 10 in. 88 pages of wiring devices of 
all types. 


Wiring Devices—The Hart & Hegeman 
Div. of the Arrow-Hart & Hegeman Electric 
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Co., Hartford, Conn. Catalog No. X, 84x 
10. 88 pages. Describing wiring devices of 
all types and including complete specifica- 
tions. 


Wiring Hanppook—General Electric Co., 
Bridgeport, Conn. A 28-page handbook pub- 
lished by the appliance and merchandise 
department of the General Electric Co., to 
serve as a guide for planning electrical wir- 
ing on farms. Methods of determining 
feeder sizes are given and typical installa- 
tions illustrated. One chapter is devoted to 
the various elements that should be _ in- 
cluded in specifications; another deals with 
the materials that can be used for various 
systems. 


Miscellaneous 


BLUEPRINT MacHinE—Vandenwood Co., 
2900 Euclid Ave., Cleveland, Ohio. Bulle- 
tin 13, 2 pages, 84x1l in. Describes and 
illustrates the new Baby Blue Desk Unit 
blueprint machine designed for small offices. 


Conveyors—The Link-Belt Co., 307 N. 
Michigan Ave., Chicago, Ill. 48-page, 
814x1l1 in. catalog No. 1700. Illustrating 
and describing various applications of 
mechanical, elevating and conveying equip- 
ment for handling packages and bulk mate- 
rials. Two pages of charts at the rear of 
the book illustrate the American standard 
of living made possible through the greater 
development and use of machines. 


INSTRUMENTS—The Bristol Co., Water- 
bury, Conn. An 8-page 9xl2 in. folder. 
Illustrates the various types of pyrometers, 
recorders and process control instruments 
manufactured by this company. 


PyroMETERS—The Leeds & Northrup Co.., 
4901 Stenton Ave., Philadelphia, Pa.  12- 
page illustrated bulletin, N-33B-685(1), 
8'4x11 in. Describing redesigned and sim- 
plified Speedomax electronic potentiometer. 


ReFLtectors—The Fostoria Pressed Steel 
Corp., Fostoria, Ohio. 344x6 in. folder. 
Describing the new Fostoria Para-Sphere 
reflectors for infra-red ray lamps. Folder 


No. P.S.-5. 


SMALL GASOLINE ENncines—The Jacobsen 
Mfg. Co., Racine, Wis. 4-page bulletin, 
84x11 in. Describing the Jacobsen 2 hp. 
air-cooled gasoline engine, including com- 
plete specifications and typical applications. 


STEELSTRAP—The Acme Steel Co., Chi- 
cago, Ill. Form Ad 14, 84x11 in., 4-page 
folder. Illustrating various types of Steel- 
strap tools and accessories for fastening 
products. The name of the shipper, slogan 
or trademark can be reproduced on _ both 
black and galvanized finishes of the 
Steelstrap. 


Wetpep Cuains—The American Chain & 
Cable Co., Bridgeport, Conn. Catalog No. 
365. Devoted to ACCO sling chains and 
ENDWELDUR chains, and containing in- 
formation on how to measure chain, fin- 
ishes. Includes specification tables of sizes, 
dimensions, weights, tensile strengths and 
safe working loads. 
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Books and Bulletins 





Industrial Design 


Harotp Van DorEN—388 pages, plus 
index and 32 plates, illustrated. 62x 
914 in. Brown clothboard covers. Pub- 
lished by the McGraw-Hill Book Co., 
330 West 42nd St., New York, N. Y. 
Price $4.50. 

In this latest text in the Product De- 
velopment series, the general aim has 
not been to present a series of essays 
on “streamlining.” On the contrary, the 
author treats the subject factually, giv- 
ing the step-by-step procedure necessary 
to the development of new and salable 
designs for products and machines. The 
fundamentals of three-dimensional de- 
sign are presented in easily understand- 
able form. Practical methods of prod- 
uct styling. illustrated by case histories. 
are covered from preliminary research 
to finished dimensional drawings. 

The text is presented in four main 
sections: fundamental concepts behind 
industrial design; the previously men- 
tioned simplified discussion of three-di- 
mensional drawing; technique of design. 
including organizing data, making pre- 
liminary sketches, presentation, mate- 
rials, processes and color, patents and 
management; and a fourth section offer- 
ing typical problems and case histories 
of three types of product: consumer, 
commercial and mechanical. 

Containing as it does much background 
information on how the industrial de- 
signer operates, and written in clear. 
understandable style, the book should 
be valuable to engineers, advertising 
managers and executives who are seeking 
an insight into product styling. 


American Machinists’ Handbook 


Frep H. Cotvin AnD FRANK A. STAN- 
LEY—Seventh Edition, 1,328 pages, 4x 
734 in. Flexible fabricoid covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 West 42d St., New York, N.Y. 
Price $4.00. 


In spite of the fact that a consider- 
able amount of material which appeared 
in previous editions, but. which is now 
obsolete, was omitted in this seventh edi- 
tion, more than 200 pages of text were 
added in order to keep the book up-to- 
date. Primarily a reference book for 
shop executives, tool makers and me- 
chanics, the book includes tables of 
standards for screw threads, jig bush- 
ings, machine tool spindles and numer- 
ous other machine elements. The stand- 


ard proportions for shop tools sucii as 
single point tools, drill taps, reamers 
and milling cutters are given in tables 
and diagrams. Data such as speeds and 
feeds used in the machining of various 
materials, the lubricants and cutting 
compounds used, allowable threading 
speeds, instructions on the proper use of 
various tools, are also included. 

One feature of the book which has been 
maintained in the seventh edition is the 
comprehensive dictionary of shop terms 
which covers more than 150 pages. 


Physics 
Dr. Paut Wesset—514 pages, 4°4 x8 
in. Clothboard covers. Published by 
Ernst Reinhardt, Miinchen, Germany 
Germany. Price Mk. 4.90. 


This book was written primarily for 
students in technical high schools and 
universities. It covers the elements of 
electricity as well as light, sound, heat 
and mechanics. Unfortunately, for read- 
ers who are unfamiliar with German, it 
is written in that language. But it also 
has all of the earmarks of the typical 
thorough treatment of scientific subjects 
by German authors. A feature of the 
book is the appendix of 50 pages setting 
forth numerous tables of physical prop- 
erties, mathematical relationships and 
physical constants. In another appendix. 
covering more than 60 pages are given 
1.447 questions together with their 
answers or a reference to where the 
answer might be found. 

The book can be procured from Dr. 
Paul Wessel who is now lecturer at the 
Technical College of Wigan, Lancs., 


England. 
e ee 


Tin and Its Uses 


Publication No. 4, 16 pages, 84% x 10% 
in. Published by International Tin Research 
and Development Council, Fraser Road, 
Greenford, Middlesex, England. 


Announces a new “white-bronze” plating 
which rivals chromium in its resistance to 
tarnish, and which is almost identical in 
color and reflecting power to polished silver. 

This review also states that thick and 
adherent tin linings can now be applied to 
large pieces of apparatus used in the food 
industry, as a result of recent improvements 
in electroplating technique. Another 
application of electro-deposited tin is as 4 
coating on metal surfaces in rubbing con- 
tact, such as pistons, piston rings and _bear- 
ing surfaces. 
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Plastics Comparator 


ATA presented in the table are of 

value principally on a_ relative 
basis for a given property, and are of 
use in making a preliminary choice of 
one type of material over another for a 
given property. Information is based on 
tests of standard specimens under cer- 
tain set conditions. However, it cannot 


be assumed that a material, which under 
standard A.S.T.M. test has a tensile 
strength of 5,000 lb. per sq. in., will have 
5,000 Ib. per sq. in. tensile strength at 
any given molded cross-section, since 
physical properties depend to a great 
extent on the shape and type of the 
molded piece. Comparative presentation 


indicates, however, for what properties 
each material is relatively best, and 
gives some idea of what compromises 
must be made in selecting a plastic for 
a given job. Obviously the designer must 
balance desired properties against first 
cost, availability, production cost and 
appearance. 
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Plastics for Molding 


Physical Properties, Fabrication Pressures and Temperatures 


N TABULAR FORM below are listed 
the average properties of the typical 
molded plastics mentioned in the com- 
parative table on the preceding page. It 
is to be emphasized that these are pri- 
marily for qualitative comparison; varia- 


tions in materials, fillers and fabrication 
methods will change these values con- 
siderably. Figures are compiled from 
manufacturers’ maximum and minimum 
ratings for specific properties. Direct 
comparisons based on this table should 


not be made. It is recommended ti:at the 
manufacturer be consulted before final 
choice of particular plastic to be used: 
very often, special materials can be 
supplied to meet specific requirements, 
Values vary with formulations. 































































































‘ s | < < ei bs 
5 & a fe} & 
& = 3 S 7 + 
x = = = < fem 5 
PROPERTIES |} .§8 ot = z s a = - 
|. Bz = A = & = z Ze Oo s< 
| EA == = E 5 5 BFS E ate z 
} & ; = = ~ = S 0 = = > 
| | 
Tensile strength in 100 lb. per sq. 60- 10- 40- 90- 55— | 35- 37- 60- 40— 80- 
in. 90 | 110 100 120 85 | 100 | 68 90 60 100 
| | 
| = 
Compressive strength in 100 lb.) 160- 180-— 240- 130- 110- 113- 100- 100- 
per sq. in. 360 360 350 135 270 203 120 150 
—_—_—_— — — _— 
Flexural strength in 100 lb. per) = 120- 80— | 80- 100- 65- 50- | 56- 90-— 100- 100- 
sq. in. | 170 150 | 200 130 80 160 | 119 100 150 130 
| | | 
| | 
Specific gravity 1.28 1.25- 1.59- 1.45- 1.05-— 1.27- 1.20- 1.14 1.18 1.34- 
1.52 2.09 1.50 1.07 1.37 lL. 22Z 1.36 
Water absorption — percent in| 0.2 0.2- 0.01- 1.2 0 1.4— 0.8- 0.60 0.4- 0.05- 
24 hrs. 0.6 0.3 2.8 | ie | 0:5 0.15 
Dielectric strength volts per mil,| 100- 300- 200- 400- 500- 350- 1,500 500 650 
60 cycles 500 500 100 720 700 900 
Cold flow Nil Nil Nil Slight Slight Slight Slight Slight Slight 
| ety See I ee eee Ce 
Machining Properties Fair Fair | Fair | Fair Fair Good Good _ | Excellent | Excellent | Good 
Molding Comp. | Comp. | Comp. | Comp. Inj. Inj. Inj. Inj. Inj. Inj. 
Temperature — deg. F. 300- | 280- | 27 290-— 300— 300- 310- 380- 390- 300- 
340 | 360 | 350 325 450 440 390 425 500 325 
| | — 
| | | - 
Molding Pressure in 100 lb. per) Comp. | Comp. | Comp. | Comp. Inj. Inj. | Inj. Inj. Inj. ~~ 
sq. in. 20— | 20- | 20-— 15-— 30- 80- | 80- 30- 100- ‘ 
50 | 45 60 60 300 300 300 300 300 300 
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